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DETERMINATION OF CARBON DIOXIDE AND ACETONE 








ALVEOLAR 
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MARRIOT-ROTH 
METHOD 














T the Battle Creek Sanitarium carbon dioxide 
tension and acetone tests are conducted to- 
gether as a routine practice to make the distinction 
in every case between ‘‘ketonic’’ and ‘“‘phosphatic’”’ 
acidosis. 

For the comfort of the patient, convenience of 
the pathologists and reliability of tests altogether, 
the determinations are both made on alveolar air 
by the Marriot method for carbon dioxide tension 
and the Roth method for acetone. 

The Marriot colorimetric method has been 
modified as to apparatus by Dr. Roth with the 
result that complete equipment for both deter- 
minations can be compactly assembled in a case, 
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American 
Museum Jars 


in many sizes! 








HESE American-made jars have quali- 
ties which place them far ahead of the 
imported jars offered in previous years, 
They are not blown, but pressed in iron 
molds, assuring uniform thickness of walls. 
This prevents distortion of the specimen, 
and the use of decolorized glass also aids in 
presenting specimen without distortion. 

Suspension rods or frames can be laid 
across the recesses at the top of the jars and 
specimens thus hung in the fluid. This 
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The covers are pressed from the same 
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which acts as a vent and permits addition 
of preserving fluid after sealing. 
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Museums has recommended the various 
sizes which are furnished: No. 1 is 5x5x3 
cm. and the largest is 25 x 25 x 12 cm. 

For details and prices see pages 416-7 Fisher 
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better cement for sealing 
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Amounts of 
Blood 


(4% of the usual 
amount) 
Saves considerable 
labor and time. The 
complete test may 
be made in about 
40 minutes; also 
there is no loss of 
material since no 
transfer of material 
is made; the whole 
procedure is done in 
one tube; for this 
reason the method 
is more accurate. 
The apparatus is 
portable and very 
com pact, occupying 
very little space in 

the laboratory. 
One of the most im- 
portant features is 
that six simultane- 
ous extractions can 
be made with one 
condenser; also it 
cannot leak and 
parts can be easily 
replaced. 
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NEPHELOMETER, Kleinmann, for the determination of the concentration of substances by comparison of 
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is reduced under favorable conditions to 0.5% by the production in two turbid media, located side by side, of two 
Tyndal cones of variable height. The intensity of the light for each solution is then compared perpendicularly 
to the direction of illumination by means of a lens. 


As in colorimetry, the concentrations of two turbid solutions are inversely proportional to the height of their 
Tyndal cones. However, due to increase of the reflected'portion, the brightness of the light in a turbid solution 
increases with the concentration, while in colorimetry the brightness decreases with the concentration. 


The Tyndal cones are varied in height by the control of illumination slots 20 mm wide and 45 mm high at 
their widest opening. This adjustment is controlled by rack and pinion, and a vernier reading to 0.1 mm makes 
the range of readings from 0 to 45 mm. A frosted 100 c. p. lamp is the most suitable source of illumination and 
should be placed about 30 inches from the apparatus on a level with the windows. 
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Aus der chemischen Abteilung des pathologischen Instituts der Universitat Berlin, Charité. 
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involving quantities up to 12 ml, and for micro determinations for quantities as small as 2.6 ml or 1.5 ml., 
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MONOACETONE y-METHYLGLUCOSIDE. 


By P. A. LEVENE anp G. M. MEYER. 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, June 30, 1928.) 


Some time ago' we made the observation that a-methyl <1,5> 
mannoside on acetonylization passed into 2-3, 5-6 diacetone a- 
methyl <1,4> mannoside. It was interesting to see whether 
a-methyl <1,5> glucoside under similar conditions would pre- 
serve its lactal structure, or whether, similarly to the mannoside, 
it would change the size of its ring. It was found, however, that 
the reaction with a-methyl <1,5> glucoside proceeds very 
slowly and that the reaction product consists chiefly of diacetone- 
glucose. The difference between the two reactions may be due to 
two factors; first, to the greater stability of the glucosidic group 
in the mannoside as compared with that in the glucoside, and, 
second, to the allocation in the hydroxyl groups on carbon atoms 
(2) and (3) of mannose. 








HC—OCH; _ HC—OCH; 

| ] | 
HCOH HOCH 

| | 

HOCH O HOCH O 
HCOH HCOH 
HC————~ HC 
CH.0H CH.0H 
I. II. 

Glucoside. Mannoside. 











1 Levene, P. A., and Meyer, G. M., J. Biol. Chem., 1928, Ixxviii, 363. 
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358 Monoacetone 7-Methylglucoside 


Thus in the case of methylmannoside the first step in the reac- 
tion most probably is the acetonylization in positions (2-3) which 
is followed by a change in the ring structure and this again is fol- 
lowed by the addition of a second acetone group in positions (5-6). 
In the case of glucose the first step in the reaction is either a 
hydrolysis of the methyl group or a direct acetonylization with the 
elimination of the methyl group, which then leads to diacetone- 
glucose. 

We then took this occasion to study the reaction of addition of 
acetone to y-methylglucoside. 5, 6-Acetone methyl <1,4> gluco- 
side has in reality not been prepared in pure state. Macdonald? 
has prepared, starting with a product which he regarded as 
diacetalglucose, a substance which analyzed approximately for a 
methylmonoacetoneglucose. The product was undoubtedly 
impure. Later Irvine, Fyfe, and Hogg,’ on heating y-methyl- 
glucoside with acetone, obtained a product which they employed 
for the preparation of 1,2,3-trimethyl]-5 ,6-monoacetone glucose. 
The reaction product was a mixture of two substances. The lower 
boiling fraction supposedly consisted of a substance of the following 


structure (ITI). 
/ AOE: 
K | 


‘voou 


CH or a 
HCOCH; 
HCOCH; 


| 
CH.OCH; 
III. 


This substance was regarded as an oxidation product of glucose. 
The oxidation supposedly occurred during the process of methyl- 
ation. 
5,6-Acetone methyl <1,4> glucoside is easily prepared by 
shaking methyl <1,4> glucoside with acetone in the presence of 
2 Macdonald, J. L. A., J. Chem. Soc., 1913, ciii, 1896. 


3 Irvine, J. C., Fyfe, A. W., and Hogg, T. P., J. Chem. Soc., 1915, evii, 
524. 
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anhydrous copper sulfate at ordinary temperature. The product 
obtained in this manner is soluble in ether and in methyl iodide. 
It can be distilled and the product analyzes correctly for mono- 
acetone methylglucoside and is dextrorotatory. It can then be 
further methylated by means of methyl iodide and silver oxide. 
The product of this reaction is 2,3-dimethyl-5,6-acetone methyl 
<1,4> glucoside. Under these conditions, no high boiling 
fraction is obtained. This substance also is dextrorotatory. 
We then repeated the acetonylization under the conditions given 
by Macdonald and obtained a substance very similar to his 
which, however, was not so pure and uniform a product as the one 
described above. 


EXPERIMENTAL, 


Experiments with Acetone on a-Methyl <1,5> Glucoside. 


1. With Copper Sulfate-——100 gm. of a-methylglucoside were 
shaken with 1000 cc. of acetone and 100 gm. of anhydrous copper 
sulfate at 40° for 48 hours. No a-methylglucoside was dissolved. 

2. With Acetone-Hydrochloric Acid.—100 gm. of a-methyl- 
glucoside were shaken at room temperature with 1000 cc. of 
acetone containing 1 per cent of hydrochloric acid. The acetone- 
hydrochloric acid was changed daily until all of the glucoside 
had dissolved. The acetone solutions were neutralized with 
ammonia gas, filtered from inorganic salts, and concentrated under 
diminished pressure. The product soon partly crystallized. The 
crystals proved to be unchanged methylglucoside. 

The product was taken up in a large quantity of dry ether, 
filtered, and concentrated toasyrup. Ina short while the product 
crystallized. The crystals were filtered from the syrup through 
silk and recrystallized from ligroin (80-90°). The substance had 
a m.p. of 108° and analyzed for diacetoneglucose. It contained 
no methoxyl. 


3.690 mg. substance: 7.505 mg. CO, and 2.640 mg. H,0. 
CisH20¢. Calculated. Cc 55.23, H 7.70. 
Found. ** 55.23, “ 8.00. 


The syrup which was separated from the crystals was frac- 
tionated. Aside from a low boiling condensation product of ace- 
tone the main fraction distilled at 148°, p = 0.1 mm., and soon 
crystallized on standing. It also proved to be diacetoneglucose. 
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360 Monoacetone y-Methylglucoside 


Action of Acetone on y-Methylglucoside. 


y-Methylglucoside was prepared following the directions of 
Fischer. 80 gm. of glucose were shaken 18 hours at 15° with 1500 
cc. of methyl alcohol containing 1 per cent of hydrochloric acid. 
The sugar was completely dissolved. The acid was removed with 
silver carbonate and the filtrate concentrated under reduced 
pressure at low temperature. The y-methylglucoside was 
extracted by means of ethyl acetate which was again removed 
under reduced pressure in bottles suitable for shaking. The 
syrup was reextracted with ethyl acetate and filtered from a small 
amount of a-glucoside. The ethyl acetate was again removed 
under diminished pressure. To complete the operation, acetone 
(200 cc.) was added to the residue and the distillation was 
repeated. 

The syrup, which weighed about 40 gm., was shaken with 1000 ce. 
of acetone and 100 gm. of anhydrous copper sulfate at room 
temperature for 18 hours. The filtrate was concentrated under 
diminished pressure to a syrup. This syrup, which amounted to 
30 gm., was almost completely soluble in ether. The filtered 
ether solution was concentrated under reduced pressure and the 
syrup fractionated. It distilled at 148° at 0.1 mm. At room 
temperature it is more viscous than glycerol. It is soluble in 
water, alcohol, ether, and acetone. The analysis was as follows: 


3.835 mg. substance: 7.165 mg. CO2 and 2.600 mg. H:0. 


0.1890 gm. ” : 0.1786 gm. AgI. 
CioHisO6. Calculated. C 51.25, H 7.70, OCH; 13.25. 
Found. “Oe “78, ." 168: 


This monoacetone methylglucoside had the following optical 
rotation in methyl alcohol. 
«» + 1.82° X 100 


le], = —Ix500 ” + 36.4°. 


It does not reduce Fehling’s solution until after hydrolysis. It is 
completely hydrolyzed by 0.1 N HCl in boiling water in 90 minutes. 
250 mg. (equivalent to 207 mg. of methylglucoside) were heated 
with 5 cc. of 0.1 n HCl in boiling water for 90 minutes. The rota- 
tion then was 


« + 2.14° X 100 
So ee we + 817°, 
lal, 1 X 4.14 +s 








> = St OlhCUmrlClCOS 
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Dimethylmonoacetone Methylglucoside——8 gm. of monoacetone 
methylglucoside were dissolved with gentle warming in 70 cc. of 
methyl iodide. It was methylated with 80 gm. of silver oxide and 
an additional 70 cc. of methyl iodide. The methylated product 
was isolated as usual, the yield amounting to 7 gm. It is a very 
mobile liquid distilling at 105° at 0.3 mm. pressure. It does not 
reduce Fehling’s solution until hydrolyzed. The analysis was as 
follows: 


7.010 mg. substance: 14.125 mg. CO. and 5.235 mg. H,0. 


0.1770 gm. “ : 0.4564 gm. AglI. 
CHO... Calculated. C 54.96, H 8.46, OCH; 35.5. 
Found. “54.94, “8.35, “ 34.03. 


Dimethylmonoacetone methylglucoside has the following optical 
rotation in methy] alcohol. 
= _ +.0.25° X 100 


nil i. Sakti ai 


Monoacetoneglucosedimethylacetal (?) of Macdonald. 


The procedure as given by Macdonald was followed, except 
for the time of action of acetone-hydrochloric acid, which was 
shortened. 90 gm. of a-glucose were dissolved by being refluxed 
on a steam bath in 1100 cc. of methyl alcohol. When all the sugar 
had dissolved, the solution was cooled and 300 cc. of methyl 
alcohol containing 25 gm. of hydrochloric acid were added. In 
one instance the acid was allowed to act for 60 hours and in another 
for 24 hours. The results in both cases were the same. The acid 
was neutralized with dry barium carbonate, the solution was fil- 
tered, and then shaken with an excess of dry silver carbonate. The 
filtered solution was concentrated in bottles suitable for shaking. 
Acetone (about 200 cc.) was added and removed under reduced 
pressure to displace traces of methyl alcohol. The syrup was then 
shaken without heating with 3 portions of 500 cc. of acetone con- 
taining 0.5 per cent hydrochloric acid for 45 minutes for each por- 
tion. The acetone filtrates were neutralized with ammonia gas, 
combined, filtered, and concentrated under reduced pressure. The 
syrup which remained was extracted with ether and filtered. 
After removal of the ether under reduced pressure, 30 gm. of a 
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clear syrup were obtained. The syrup was repeatedly extracted 
with low boiling petrolic ether and finally taken up again in ether 
and concentrated to a syrup. 

This product was heated at 60° for a considerable time at low 
pressure. It then had a rotation of 


— 0.55° X 100 
name ap am 3) OF", 
1 X 4.60 


[a], = 


The analysis was as follows: 


3.320 mg. substance: 6.330 mg. CO, and 2.305 mg. H;0. 


0.1420 gm. ™ : 0.1149 gm. AgI. 
CioHis0¢. Calculated. C 51.25, H 7.70, OCH; 13.25. 
Found. "ase. tam * eee. 


The product did not reduce Fehling’s solution until after 
hydrolysis. It was completely hydrolyzed with 0.1 nN HCl in 90 
minutes. When subjected to fractional distillation it distilled at 
148-150°, p = 0.1 mm., but it then became dextrorotatory (in one 
instance [a]? = + 20°, and in another [a]? = + 7.0°). A methoxy 
determination showed only 8.12 per cent OCH3. 
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STUDIES IN POLYMERIZATION AND CONDENSATION. 
IV. EXPERIMENTS ON GLYCIDOL ACETATE, 


By P. A. LEVENE anp A. WALTI. 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, June 30, 1928.) 


In previous papers of this series' the tendencies towards poly- 
merization or towards condensation of the following substances 
were tested: propylene oxide (I), glycidol (II), and dihydroxy- 
iter acetone (III). The first two substances contain an ethylene 


: 90 oxide radicle in their molecules and the third may exist in the 
at ethylene oxidic form, as can be seen from the following formule. 
one 
oxy CH CH: CH CH 

ee EN RR em ees 

a i. c—_on 

| 
CH; CH.0H CH:0H CH:00CCH; 
z II. III. IV. 


Under the conditions described in the previous articles, these 
substances showed a tendency to condense into monomolecular 
structures consisting of two or more radicles of the parent sub- 
stance. On the other hand, the half acetals of glyoxal and of 
acetol, according to Bergmann,’ readily condense into the dimeric 


forms. 
O oO OCH; 
” ity,* | aie’ th | 
CH:—CH—OC.H; 2 es CH:—C—CH; 


Our observations have now been extended to glycidol acetate 
(IV) and to acetol acetate. 

1 Levene, P. A., and Walti, A., J. Biol. Chem., 1927, Ixxv, 325; 1928, 
Ixxviii, 23. 

? Bergmann, M., and Ludewig, 8., Ann. Chem., 1924, cdxxxvi, 173. 
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364 Polymerization and Condensation. IV 


Glycidol acetate may be regarded as standing between propy- 
lene oxide and glycidol. Like the first, it has on carbon atom (3) 
no mobile hydrogen atom, and, like the second, it has an oxygen 
atom attached to carbon atom (3). The substance was allowed 
to stand for 5 days at 135-140° and then for several weeks at 
12-13°. The product was then fractionated by distillation under 
reduced pressure. The distillation apparatus was so arranged 
that in the receiving flask a crystalline part could be collected 
separately from the liquid distillate. The distillate was collected 
in two receivers, the first cooled by running water; the vapors 
escaping the first receiver were collected in a U-tube immersed 
in a mixture of solid carbon dioxide and acetone. 

The material obtained on distillation will be discussed in three 
parts. First, the distillate received in the main distilling flask 
at the temperature of 101-125° at 0.05 mm. pressure will be 
referred to as Distillate I. Second, the material obtained at the 
temperature of 120-130° and 0.05 mm. pressure will be referred to 
as Distillate II. Finally, the material received in the U-tube will 
be referred to as Distillate III. 

Distillate I consisted of a crystalline fraction, Distillate I, 
and of a liquid fraction, Distillate Ie. 

Distillate I,, which was crystalline at 0°, had the molecular 
weight of 226 which corresponds quite well to the dimeric form of 
glycidol acetate (the theory requires 232) and gave the correct 
saponification number. On hydrolysis, it yielded glycerol. Hence, 
there is no doubt that the crystalline material represented a pure 
polymerization product of glycidol acetate. At room tempera- 
ture the crystals melted and on standing 1 week at room temper- 
ature the viscous substance turned semisolid. The product ana- 
lyzed slightly low for glycidol acetate; namely, C = 51.19, H = 
6.99, whereas the theory requires C = 51.73, H = 6.90. This 
material had a very high molecular weight, approximating 1450. 
On acetylation and subsequent distillation the material consisted 
chiefly of triacetin and of a small quantity of material boiling 
at 150-155° at 0.2 mm. pressure, which might have consisted of 
an acetylated condensation product of glycidol. 

Distillate I, was separated into two parts. Part A was soluble 
in benzene. The material analyzed as follows: C = 48.51, 
H = 7.72. On hydrolysis of this substance the products were 
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glycerol and a dark colored residue. The fraction was a mixture 
of several substances of which one was either a polymer of glycidol 
acetate or a mixture of acetins and another was possibly a conden- 
sation product of glycidol. Part B was insoluble in benzene. 
From the solubility of the material and from the low carbon 
content, the conclusion is warranted that it consisted of glycerol 
not completely acetylated (monoacetin). Indeed, on acetylation 
of this material triacetin and a small proportion of tetraacetyl- 
diglycerol were obtained. 

Distillate II.—This fraction consisted of material which had a 
carbon content of 50.61 and a hydrogen content of 7.13. Its 
saponification value was 304. It was partly insoluble in benzene. 
Thus also this fraction consisted in part of incompletely acetylated 
glycerol and possibly of a condensation product. Indeed, on 
acetylation it yielded principally triacetin and a small proportion 
of a high boiling liquid. 

Distillate III—The material of this fraction on being cooled 
crystallized in part. On distillation of the acetylation material, 
the principal product was triacetin; a small portion of a high 
boiling substance also was formed. However, the carbon content 
of the original material was lower than that required by theory for 
glycidol acetate or for its polymer. It seems possible that a small 
portion of glycerol and of monoacetin was formed which sub- 
sequently condensed with glycidol acetate. Whether the con- 
densation took place during distillation or prior to it remains 
uncertain. 

From all the above observations it follows that glycidol acetate has a 
greater tendency to polymerize than propylene oxide, glycidol, or 
dihydroxyacetone; on the other hand, its tendency to form condensa- 
tion products is much lower than that of the latter substances. 

In contrast to glycidol acetate, acetol acetate (monohydroxyacetone 
acetate) shows no tendency to polymerization nor does it show a 
tendency towards condensation. 

For convenience the composition of the various fractions ob- 
tained from glycidol acetate is presented in Tables I and II. 


EXPERIMENTAL, 


Glycidol acetate was obtained by the action of potassium 
acetate on epichlorohydrin. The material was fractionated three 
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368 Polymerization and Condensation. IV 


times, with the aid of a small distilling column, under reduced 
pressure, and finally at ordinary pressure. It distilled at 162-164° 
at 750mm. The analysis was as follows: 


5.695 mg. substance: 10.750 mg. CO, and 3.555 mg. H:0. 
C;H;Qs. Calculated. Cc 51 .73, H 6.89. 
Found. ** 51.47, “ 6.99. 


51 gm. of this substance were placed in a round bottom flask 
which was connected with a reflux condenser carrying a calcium 
chloride tube. The flask was kept 5 days at 132-145°. 


TABLE III. 
Data on Comparison Compounds. 








Saponifi-| Molecu- 
Substance. cation Cc H | lar 

No. weight. 
IR tas pSctecceas aidiecens hut 484 | 51.73 | 6.89] 116 
Diacetylglycerylglycidol................... 484 | 51.73 | 6.89 | 232 
Dimeric glycidol acetate.................. 484 | 51.73 | 6.89 | 232 
55D wir a 5b teee dies 0t0 Sou Kanes ¥OEu None. | 39.13 | 8.67 92 
ciel cles 64.0 55 4h hwo wena teed 418 | 44.75 | 7.52 | 134 
recited sa serwdlerbevewaada aed 637 | 47.70 | 6.87} 176 
CG in wicaen Jha bexh cunts aeceae sane’ 772 | 49.54| 6.42| 218 
Monoacetyldiglycerol...................:. 270 | 46.13 7.74] 208 
Nc carcctesndeeiadaveaa 449 | 47.98 | 7.25 | 250 
II 5. go slab dnc basbcescseas cs 576 | 49.30|} 6.90 | 292 
Tetraacetyldiglycerol...................0.- 671 | 50.28; 6.64 | 334 

















The distillation apparatus was arranged in the following way. 
Into the main receiver was inserted a small vial in such a way as to 
collect the liquid part of the distillate while the vapors could 
condense on the walls of the main receiving flask. This flask 
was cooled with cold tap water. The vapors which escaped con- 
densation in the first receiving flask were cooled in a U-tube which 
was immersed in a mixture of solid carbon dioxide and acetone. 

At 35-45° and 1.mm. pressure, 10 ce. of liquid came over, and a 
smaller fraction at. 55-105° at 0.3 mm. pressure. These fractions 
were not analyzed.. 

Distillate I was collected in the temperature interval of 101—-125° 
at 0.05 mm. pressure. During this interval the liquid part was 
received in the vial (Distillate I,), while the larger part settled on 
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the walls of the receiving flask in the form of beautiful crystals 
(Distillate I). 

Distillate II was collected in the interval of 120—130° at 0.05 mm. 
pressure. It consisted of a fairly thick liquid. The crystalline 
material continued to settle on the walls of the receiving flask. 

Distillate III was collected in the U-tube. The material of this 
fraction also had a crystalline character so long as the temperature 
was maintained below 0°. 

These fractions will be discussed separately. 


Distillate I. 
Distillate I. 


The main fraction of the distillate was the substance which 
condensed in crystalline form on the walls of the water-cooled 
receiving flask. At ordinary temperature the crystals melted, 
forming a viscous fluid. This fraction was soluble in benzene. 

Saponification Number.—0.1494 gm. of substance was refluxed 
with 30 cc. of 0.1 nN KOH for 1} hours. 16.8 cc. of 0.1 nN HCl were 
required for neutralization. Saponification number, calculated 
484, found 495. 

Molecular Weight Determination by Method of Freezing Point 
Depression.—15.333 gm. benzene. 


0.2688 gm. substance: 0.393° depression; molecular weight 226.5. 
0.4778 “ - : 0.688° - ” “ 230.0. 


For (C;HsOs3)2 molecular weight calculated 232. 

Hydrolysis of the Substance.—6 gm. of the substance were 
refluxed 5 hours with 45 ce. of 5 per cent sulfuric acid. The 
acetic acid thus formed was extracted by means of ether in a 
continuous extraction apparatus. The operation was continued 
for 15 hours. From the remaining aqueous solution the sulfuric 
acid was removed quantitatively by means of a solution of barium 
hydroxide. The filtrate was then concentrated under reduced 
pressure and the residue distilled at 112-114° at 0.05 mm. Yield 
2.1 gm. The substance had the composition of glycerol. 


3.815 mg. substance: 5.385 mg. CO and 3.025 mg. H:.0. 
C;H;0;. Calculated. C 39.13, H 8.67. 
Found. ** 38.49, “ 8.87. 
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370 Polymerization and Condensation. IV 


Thus it is evident that the material consisted of practically pure 
dimeric glycidol acetate. 


Further Polymerization of Distillate I. 


After it had stood 1 week at room temperature the viscosity 
of the substance was greatly increased. It had the following 
composition. 


5.500 mg. substance: 10.305 mg. CO, and 3.400 mg. H,0. 
C;H;0;. Calculated. C 51.73, H 6.89. 
Found. “o1.10, * 6.8. 


Molecular Weight Determination of the More Viscous Substance 
by Method of Menzies and Wright.—32.0 cc. of benzene (b.p. 
79.9° at 750 mm.). 








Weight of substance. Elevation Sete ther- Molecular weight. 
gm. mm. 
0.2463 3.5 1411 
0.3975 5.5 1450 





Acetylation of This Material—To 3.1 gm. of the substance 
which had become semisolid on standing for a week were added 
29 gm. of freshly distilled acetic anhydride and the mixture was 
refluxed for 1 hours. The excess of the anhydride was removed 
under diminished pressure. Two fractions were obtained. 


A. 86- 87° at 0.05 mm., 4.8 gm. 
B. 150-155° “02 “ 06 “ 


Fraction A.—This fraction had the composition of triacetin. 


4.310 mg. substance: 7.895 mg. CO: and 2.605 mg. H,0. 
C;H;(OCOCH;);. Calculated. C 49.54, H 6.42. 
Found. ** 49.99, “ 6.75. 


Saponification Number.—0.1565 gm. of substance was refluxed 
for 13 hours with 40.0 cc. of 0.1 N KOH. 14.2 ce. of 0.1 Nn HCl 
were required for neutralization. Saponification number, cal- 
culated 772, found 776. 
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Molecular Weight Determination by Method of Menzies and 
Wright.—32.0 ec. of benzene; b.p. 80.1° (at 756 mm.). 


a. 





3, 





Weight of substance. Elevation a Sete ther- Molecular weight. ; 

3 

gm. mm. ; 
0.5137 46 226 
0.6799 62 221 





Molecular weight calculated 218.1. 
Fraction B.—This fraction had the following composition. 


4.465 mg. substance: 8.320 mg. CO: and 2.685 mg. H,0. 
Found. C 50.81, H 6.72. 


Saponification Number.—0.1041 gm. of substance was refluxed 
for 13 hours with 30.0 cc. of 0.1 Nn KOH. 19.1 cc. of 0.1 n HCl 
were required for neutralization. Saponification number, found ; 
587. 

Thus, it is seen that on standing the dimeric polymer of glycidol 
acetate undergoes further polymerization giving rise to a substance 
of high molecular weight which on acetylation is transformed into 
triacetin. It is possible that a small proportion of condensation 
product also is formed. ; 


Distillate I. 2. 


This distillate was extracted with benzene at room temperature 
and each of the two fractions was treated separately. 

Fraction A, Soluble in Benzene.—The benzene was removed by 
distillation under a pressure of 15 mm. and finally at 1.0 mm. 
The extract had the following composition. 


3.805 mg. substance: 6.770 mg. CO, and 2.630 mg. H,0. 
Found. C 48.51, H 7.72. 


Saponification Number.—4.9 gm. of this material were refluxed 
with 50 cc. of 1.0N NaOH. 13.1 cc. of 1.0 Nn HCl were required 
for neutralization. Saponification number, found 422. 

The mixture was concentrated under diminished pressure. At 
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a temperature of 117-118° at 0.2-0.3 mm., 0.6 gm. of substance 
distilled, apparently being impure glycerol. 
4.405 mg. substance: 6.520 mg. CO: and 3.535 mg. H,0. 


C;H;(OH);. Calculated. C 39.13, H 8.69. 
Found. ** 40.36, “ 8.98. 


This fraction, then, contained a considerable part of either acetins 
or of a polymeric form of glycidol acetate and perhaps some con- 
densation product. 

Fraction B, Insoluble in Benzene.—This fraction was taken up in 
dry methyl alcohol, concentrated under diminished pressure, and 
distilled. Two fractions were obtained by distillation. 


1. 103-112° at 0.2-0.3 mm., 3.6 gm. 
2. 112-125° “ 0.2 mm., i 


Fraction 1.—During the latter part of the distillation of this 
fraction, formation of threads was observed in the distillate. 
This was probably due to a small amount of glycerol. The 
fraction had the composition of monoacetin. 


5.340 mg. substance: 8.675 mg. CO: and 3.735 mg. H,0. 
C;H:0:(OCOCH;). Calculated. C 44.75, H 7.52. 
Found. ** 44.30, “ 7.82. 


Saponification Number.—0.1284 gm. of substance was refluxed 
for 14 hours with 30.0 cc. of 0.1 N KOH. 21.2 cc. of 0.1 n HCl 
were required for neutralization. Saponification number, cal- 
culated 418, found 386. 

Acetylation of Fraction 1.—3.2 gm. of this substance were re- 
fluxed for 13 hours with 23 gm. of freshly distilled acetic anhydride. 
The mixture was concentrated under reduced pressure. 5.0 
gm. of substance distilling at 85-87° at 0.1 mm. gave a saponifica- 
tion number corresponding to triacetin. 

Saponification Number.—0.1775 gm. of substance was refluxed 
with 35.0 cc. of 0.1 Nn KOH for 1} hours. 10.9 cc. of 0.1 n HCl 
were required for neutralization. Saponification number, cal- 
culated 772, found 762. 

Fraction 2.—This smaller fraction had the following composition. 


6.690 mg. substance: 11.375 mg. CO: and 4.595 mg. H:0. 
Found. C 46.36, H 7.68. 
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Saponification Number.—0.1288 gm. of substance was refluxed 
for 14 hours with 31.0 cc. of 0.1 N KOH. 26.2 cc. of 0.1 n HCl 
were required for neutralization. Saponification number, found 
209. 

Acetylation of Fraction 2.—0.55 gm. of this substance was 
refluxed for 14 hours with 5 gm. of freshly distilled acetic an- 
hydride. The mixture was concentrated under diminished 
pressure. 0.6 gm. of substance distilled at a temperature cor- 
responding to triacetin. 

Saponification Number.—0.1339 gm. of substance was refluxed 
for 14 hours with 30.0 ce. of 0.1 N NaOH. 12.6 cc. of 0.1 nN HCl 
were required for neutralization. Saponification number, calcu- 
lated 772, found 730. 

The residue from the acetylation of Fraction 2 (0.4 gm.) gave 
the following results for tetraacetyldiglycerol. 


3.630 mg. substance: 6.745 mg. CO, and 2.260 mg. H;0. 
Cy4H2O»s. Calculated. C 50.28, H 6.64. 
Found. ** 50.67, “ 6.96. 


Saponification Number.—0.0916 gm. of substance was refluxed 
for 14 hours with 35.0 cc. of 0.1 N KOH. 24.7 cc. of 0.1 n HCl 
were required for neutralization. Saponification number, calcu- 
lated 671, found 631. 

Thus the benzene-insoluble part of Distillate I, consisted of mono- 
acetin and of a smaller portion of partly acetylated diglycerol. 


Distillate II. 


This fraction was collected in the receiving flask at the tem- 
perature 120-130°. It was a liquid, partly soluble in benzene. 

Acetylation of Distillate II—To 3 gm. of this material were 
added 22 gm. of freshly distilled acetic anhydride and the mixture 
was refluxed for 2 hours. The following two fractions were 
obtained. 


A. 98-100° at 0.4 mm., 3.1 gm. 
B. 150-165° “ 0.1-0.2 mm., 1.6 gm. 


Fraction A.—This substance had the composition of triacetin. 
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5.000 mg. substance: 9.075 mg. CO: and 2.925 mg. H.0. 
C;H;(OCOCH;)s. Calculated. C 49.54, H 6.42. 
Found. ** 49.49, “ 6.54. 


Saponification Number.—0.1694 gm. of substance was refluxed 
for 13 hours with 35.0 cc. of 0.1 N KOH. 11.2 cc. of 0.1 Nn HCl 
were required for neutralization. Saponification number, cal- 
culated 772, found 788. 

Molecular Weight Determination by Method of Menzies and 
Wright.—32.0 cc. of benzene; b.p. 80.1° (at 756 mm.). 











x , . | 
Weight of substance. Elevation ond aaa ther- Molecular weight. 
gm. mm, 
0.2923 27 | 20 
0.4262 39 221 





Molecular weight calculated 218.1. 


Fraction B.—This material had the following composition. 


5.135 mg. substance: 9.615 mg. CO, and 3.085 mg. H,0. 
Found. C 51.06, H 6.72. 


Saponification Number.—0.1665 gm. of substance was refluxed 
for 13 hours with 30.0 cc. of 0.1 n KOH. 11.65 ce. of 0.1 N 
HCl were required for neutralization. Saponification number, 
found 618. 

Molecular Weight Determination by Method of Menzies and 
Wright.—32.0 cc. of benzene; b.p. 80.1° (at 756 mm.). 








Weight of substance. | Elevation on Cheat ther- Molecular weight. 
gm. mm. 
0.4993 26 386 
0.6824 36 383 
0.8778 46 385 





The facts that the substance was only partly soluble in ben- 
zene, that the greater part of it was converted into triacetin, and 
that after acetylation a small fraction distilled at 150-165°, 
indicate that the greater part of the material consisted of partly 
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acetylated glycerol and that a small part may have consisted of 
the polymer and of a higher condensation product. 


od Distillate IIT. 

S The vapors escaping from the main receiving flask passed 

l- through 1 foot of rubber tubing before they reached the well 
cooled U-tube. The contents of the U-tube were crystalline in 

ud part. The U-tube was heated to transfer the substance into a 


small flask. The substance had the following composition. 


3.685 mg. substance: 6.845 mg. CO: and 2.205 mg. H:0. 
Found. C 50.65, H 6.69. 


Saponification Number.—0.1398 gm. of substance was refluxed 
with 25 ce. of 0.1 n KOH for 14 hours. 14.6 cc. of 0.1 N HCl 
: were required for neutralization. Saponification number, found 
417. 

Molecular Weight Determination by Method of Freezing Point 
Depression.—12.016 gm. benzene. 


0.2162. gm. substance; 0.145° freezing point depression. Found molecu- 
lar weight, 630. 
1 0.4454 gm. substance; 0.279° freezing point depression. Found molecu- 
lar weight, 675. 


Acetylation of Distillate III.—To 3.5 gm. of this substance were 
added 22 gm. of freshly distilled acetic anhydride and the mixture 


was refluxed for 1} hours. The excess of acetic anhydride was 
removed under diminished pressure. Two fractions were ob- 
tained. 


A. 100-101° at 0.5 mm., 4.9 gm. 
m oe" “62 * OF. 


Thus, this fraction consisted in the main of a polymer of glycidol 
acetate, inasmuch as it had a high molecular weight and on acetyla- 
tion yielded principally triacetin. On the other hand, the facts that 
the carbon content was low for glycidol acetate, and that a high boiling 
fraction was obtained on distillation of the acetylation product, 
indicate the formation of a small proportion of a condensation product. 
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Experiment with Acetol Acetate. 


The acetol acetate was obtained by heating bromoacetone with 
dry potassium acetate in absolute alcohol. The redistilled acetate 
boiled at 170-171° at 755 mm. 

28 gm. of this substance were heated under the same conditions 
for the same length of time as glycidol acetate. On distillation 
under reduced pressure at 15-17 mm., 26.5 gm. of unchanged 
acetol acetate were recovered. The small amount of residue was 
dark and more viscous than the original acetol acetate. It 
had the following composition. 


3.660 mg. substance: 6.950 mg. CO, and 2.280 mg. H.0. 
OC;H;OCOCH;. Calculated. C 51.73, H 6.89. 
Found. “aes, " Ce. 





tion 
ged 
was 

It 





THE BASIC AMINO ACIDS OF HORSE HEMOGLOBIN.* 


By HUBERT BRADFORD VICKERY anp CHARLES 8. 
LEAVENWORTH. 


(From the Laboratory of the Connecticut Agricultural Experiment Station, 
New Haven.) 


(Received for publication, July 21, 1928.) 


Although the physicochemical properties of different hemo- 
globins have received a great deal of attention in recent years, 
surprisingly little work has been done upon the quantitative 
isolation of amino acids from these important proteins. Abder- 
halden in 1903 (1) carried out a complete analysis of horse hemo- 
globin which accounted for about two-thirds of the molecule, and 
Abderhalden and Baumann (2) in 1907 investigated the mono- 
amino acids of dog hemoglobin; but since then there have been no 
comprehensive attempts made, so far as we can learn, to estimate 
the amino acid constituents of hemoglobins by direct isolation 
methods. We have therefore carried out an analysis of the basic 
amino acids of horse hemoglobin employing certain of the modifica- 
tions of the procedure of Kossel that have been described in a 
recent paper (3). 

Abderhalden reported 10.5 per cent of histidine, 5.2 per cent of 
arginine, and 4.1 per cent of lysine isolated from this protein and 
these results have been widely quoted. His analysis was made 
upon a fraction obtained by precipitation with phosphotungstic 
acid from a solution of the amino acids, the esters of which had 
distilled between 130-160°. The accuracy of these figures depends 
upon the assumptions that esterification was complete, liberation 


of the esters, distillation, and subsequent hydrolysis of the esters 


took place without loss, and that precipitation by phosphotungstic 
acid was complete. When the well known difficulties of the Kossel 


* The expenses of this investigation were shared by the Connecticut 


Agricultural Experiment Station and the Carnegie Institution of Washing- 
ton, D. C. 
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analysis are considered in addition to the improbability that 
all of these assumptions are justified, it is clear that these deter- 
minations may be somewhat in error. It may further be noted 
that some years later Abderhalden and Medigreceanu (4) reported 
only 5.3 per cent of histidine obtained from the red blood cells of 
the horse. 

Van Slyke (5) in 1911 carried out an analysis of ox hemoglobin 
by his indirect method. Assuming that the material contained 
16.8 per cent of nitrogen, his figures indicate the presence of 7.9 
per cent of histidine, 4.0 per cent of arginine, and 9.5 per cent of 
lysine in this protein. 

Hunter and Borsook (6) employed Van Slyke’s method in the 
analysis of globin prepared from horse hemoglobin. Assuming 
that 2.1 per cent of the nitrogen of horse hemoglobin belongs to 
hematin and that hemoglobin contains 16.86 per cent of nitrogen, 
their results indicate that this protein yields 7.74 per cent of 
histidine, 4.11 per cent of arginine, and 9.55 per cent of lysine, 
figures which are in remarkably close agreement with Van Slyke’s 
obtained from a different hemoglobin. These investigators also 
found 2.56 per cent of tryptophane and 4.53 per cent of tyrosine 
in this protein by the colorimetric methods of Folin and Looney. 
Hanke and Koessler (7), using their colorimetric procedure, have 
reported 8.9 per cent and 8.65 per cent of histidine in two different 
samples of horse hemoglobin. 


Modifications of Method of Analysis. 


Preliminary experiments upon a preparation of washed and 
coagulated blood cells indicated that certain changes in the 
procedure employed in the analysis of edestin (3) were necessary 
in the case of a protein containing a high proportion of histidine but 
a low proportion of arginine. It was found that, when present 
in high concentration, the silver compound of histidine may begin 
to precipitate at reactions decidedly acid to Congo red and, further, 
that precipitation was not entirely complete at pH 7.0. The 
silver chloride obtained upon removal of the hydrochloric acid was, 
therefore, thoroughly extracted with hot dilute hydrochloric acid 
and the removal of chloride repeated on the extract. 

To insure complete precipitation of the histidine it was necessary 
to carry the reaction over to pH 7.4. Although previous investiga- 
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tion showed that this was probably quite safe (8), we felt it 
necessary to examine the filtrate from the mercuric sulfate precipi- 
tate of the histidine for arginine. A small amount was indeed 
found indicating either that a little arginine had been precipitated 
or that the reprecipitation of the histidine fraction, which is always 
practiced in order to avoid washing the voluminous precipitate, 
had failed of its object. We incline to the latter view. 

In order to avoid as far as possible any loss of arginine due to the 
solubility of arginine silver each solution from which this substance 
had been precipitated was acidified, the barium sulfate was 
removed, and the solution concentrated to a small volume. A 
silver precipitate was then produced at alkaline reaction in the 
more concentrated solution and the material so obtained added to 
the main precipitate. 

A further difficulty was encountered which may owe its origin 
to a small solubility of histidine silver. When the different 
precipitates of arginine silver were combined and decomposed the 
solution showed evidences of the presence of histidine. It was 
therefore necessary to repeat the silver separation on the main 
arginine fraction, this time at pH 7.2, and add the small histidine 
silver precipitate produced to the main portion. The arginine 
was then precipitated as its silver compound at alkaline reaction, 
the filtrate was concentrated, and the arginine precipitation 
repeated in small volume. 

These changes in the procedure led to a somewhat complex 
scheme of fractionation. It seemed necessary, however, to leave 
no possibility of loss unexamined and to face the fact that the 
flocculent precipitates of these silver compounds can be adequately 
washed only by decomposition and subsequent reprecipitation. 

The lysine fraction, obtained by means of phosphotungstic 
acid from the filtrate from the arginine and histidine silver pre- 
cipitation, gave no difficulty. The mother liquors from the 
lysine picrate were combined and worked over with phospho- 
tungstic acid until no further lysine could be obtained from them. 


Bases of Horse Hemoglobin. 


The results of the analysis are shown in Table I. It is clear that 
the proportion of histidine isolated agrees with the findings of 
Van Slyke and of Hunter and Borsook very closely and it would 
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therefore seem that the histidine content of this protein is now 
fairly well established. As in the edestin analysis we have been 
unable to check the colorimetric histidine values found by Hanke 
and Koessler. 

Our figure for arginine is appreciably lower than that of Hunter 
and Borsook. This can be explained, in part, by the difficulty 


TABLE I. 
Bases of Horse Hemoglobin. First Analysis (200 Gm.). 


The results are expressed as proportions of the free base in the protein as 
calculated from the weight of nitrogen or of salt. 























From From 
J weight of | weight of 
N. salt. 
per cent per cent 
Histidine. 
MN od bins i Lieb ianedesphawe’ 7.80 
Dinitronaphtholsulfonate from main fraction....... 7.87 
Crude free histidine from main fraction............ 7.53 
Sulfonate from filtrate from HgSO, precipitate... .. 0.06 
a “main arginine fraction.............. 0.005 
7.64 
Arginine. 
I NNR a cnt an than bakbineieintenaes 3.33 
Dinitronaphtholsulfonate from main fraction....... 2.99 
Sulfonate from filtrate from HgSO, precipitate... .. 0.12 
3.11 
Lysine. 
ID WR isis bain teNkid dade dnc Kile 13.12 
Picrate from main fraction......................+6: 6.20 
“0 “working over mother liquors.......... 1.89 
8.09 











of determining arginine by Van Slyke’s method in the presence of 
a large proportion of histidine. As Plimmer (9)! has shown, 
histidine is not entirely stable when heated with strong alkali, as 
much as 3 per cent of its nitrogen being split off as ammonia under 
the conditions of the Van Slyke estimation of arginine. This 


1 See also Vickery and Leavenworth (8). 





Seta sc f} 


co 


ae © © o& Se oo DW 


~~ ete tt et C68 COO! 


OW 
een 
ike 


ter 
lty 








H. B. Vickery and C. 8S. Leavenworth 381 


would tend to give high results for arginine in the case of hemo- 
globin, which contains so large a proportion of histidine, although 
in most cases it could be safely disregarded. While this source of 
error is scarcely sufficient to account for all of the discrepancy 
between our results and those of Hunter and Borsook, it indicates 
a possibility that their figure may be too high. 

As we have pointed out in a previous paper there is little ground 
for discussion of the true worth of lysine determinations by either 
the direct or the indirect methods. The direct method gives 
results which are probably too low, the indirect undoubtedly gives 
results which are too high. 


Second Analysis of Hemoglobin. 


In order to obtain further evidence regarding the proportion of 
arginine in horse hemoglobin a second analysis was carried out 
upon a smaller quantity of the preparation (97.45 gm.) by a sim- 
plified procedure. Hydrolysis was effected by boiling for 38 hours 
with 8 N sulfuric acid. The greater part of the acid was removed 
and arginine and histidine were precipitated together as usual, 
the filtrate was acidified, concentrated, and a second alkaline 
silver precipitate taken out at a small volume. The two precipi- 
tates were combined and decomposed with hydrogen sulfide. The 
histidine was then precipitated by means of Hopkins’ reagent and 
the filtrate, after removal of mercury and most of the sulfuric 
acid, was subjected to a silver precipitation at pH 7.2 to remove 
any possible histidine. The arginine was then precipitated at 
alkaline reaction. The histidine and arginine fractions were 
worked up in the usual way. 

The dinitronaphtholsulfonates obtained from the main histidine 
and arginine fractions indicated the presence of 7.35 per cent and 
3.32 per cent respectively of these two bases in hemoglobin, 
results which are in close agreement with the previous analysis and 
which confirm their order of magnitude. No histidine was found 
in the small silver precipitate obtained at pH 7.2 when working 
over the filtrate from the Hopkins’ reagent precipitate for arginine. 


Requirements of Theory. 


The proportions of histidine, arginine, and lysine in hemoglobin 
are too high to have significance for the calculation of possible 
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values of the minimal molecular weight. Moreover, in this 
particular protein the use of these figures is unnecessary since the 
order of magnitude of the minimal molecular weight has been 
known with great accuracy since 1886 when Zinoffsky (10) carried 
out his analyses of iron and sulfur. The iron content (0.335 per 
cent) leads to the figure 16,670 and the sulfur content (0.390 per 
cent) to 8220. Zinoffsky calculated a formula for hemoglobin 
which contained 1 iron and 2 sulfur atoms and which implied a 
molecular weight of 16,710. The recent ultracentrifuge experi- 
ments of Svedberg and Fahraeus (11) and the osmotic pressure 


TABLE II. 


Proportions of Basic Amino Acidsin Hemoglobin Calculated upon a Molecular 
Weight of 66,800 for This Protein. 








Calculated. Found. 
mols per cent per cent 
Histidine. 32 7.43 
33 7.66 7.64 
34 7.89 
Arginine. 11 2.86 
12 3.13 3.11 
13 3.39 3.32 
14 3.64 
Lysine. 36 7.87 
37 8.09 8.10 
38 8.30 














measurements of Adair (12) leave little doubt that the true molec- 
ular weight of hemoglobin lies very close to 66,800 and that the 
molecule therefore contains 4 atoms of iron and 8 of sulfur. 
Although no fina] conclusions can be drawn from the present 
analysis it may be of some interest to point out the possibilities of 
molecular composition that are indicated. In Table II are 
presented calculations which show that our highest analytical 
figures are in closest agreement with the assumptions that the 
hemoglobin molecule yields 33 molecules of histidine, 13 of 
arginine, and 37 of lysine. Since they are derived from analytical 
results based upon isolation, these figures are probably minimal 
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values. Inasmuch as the molecular proportions are not divisible by 
four this result further suggests that the hemoglobin molecule is 
not formed of four symmetrical parts. 


EXPERIMENTAL. 


Hemoglobin.—The hemoglobin was prepared from 4.2 liters of 
centrifuged horse blood cells and crystallized twice from phos- 
phate buffers by Dr. Arda A. Green of Dr. E. J. Cohn’s laboratory 
at the Harvard Medical School (13). We wish to express our 
thanks to Dr. Green and Dr. Cohn for the extraordinarily fine 
preparation. The ice-cold pulp was slowly poured into a large 
volume of boiling distilled water containing a trace of sodium 
chloride. The coagulum was strained off on cloth, suspended in 
cold water, and filtered. It was then ground in a plate mill, 
suspended in warm water, filtered, dried, and ground to a fine 
powder. The last wash water contained no chloride or phosphate. 
Yield 660 gm.; N, 16.69 per cent moisture-free; ash, 0.64 per cent. 

Preparation of Hydrolysate—Somewhat over 200 gm. of this 
preparation were boiled with 1800 cc. of 22 per cent hydrochloric 
acid for 30 hours, concentrated to a sirup in vacuo, diluted, and 
again concentrated three successive times. 

The sirup was diluted and an aliquot part analyzed for nitrogen. 
The portion carried on for the analysis contained the equivalent of 
199.5 gm. of the protein. It was diluted to approximately 6 liters 
and dilute sulfuric acid and silver oxide slowly added alternately 
with rapid stirring until the chloride was precipitated. The 
reaction was maintained acid to brom-phenol blue throughout. 
The silver chloride was removed and boiled with water containing a 
small excess of hydrochloric acid and centrifuged. This operation 
was repeated and the extracts were combined and treated with 
silver oxide and sulfuric acid as before. The second silver chloride 
precipitate was washed and the two solutions combined and 
concentrated in vacuo to about 6 liters and filtered perfectly clear. 

Main Fractionation.—The hydrolysate was treated with silver 
oxide and sulfuric acid alternately until a positive test for excess 
silver was obtained,? and the solution was then made strongly 

* We have occasionally encountered difficulty in obtaining this test. The 


trouble appears to be due to the too liberal addition of sulfuric acid, as we 
find that if the acidity is reduced until such a solution is only faintly 
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alkaline to phenolphthalein by the addition of warm saturated 
barium hydroxide solution. The precipitate (H; + A.) was 
filtered off and, without washing, suspended in water to which 
a slight excess of sulfuric acid was added. The filtrate (10 liters) 
was acidified, barium sulfate was removed and washed, the solu- 
tion was concentrated to about 2 liters, excess silver was added, 
and a second precipitate (H, + A») was taken out at strongly 
alkaline reaction and added to the first. The precipitates were 
then treated with hydrogen sulfide on a shaking machine. The 
filtrate was diluted, acidified, treated with hydrogen sulfide, the 
precipitate removed and washed, and the filtrate (L;) set aside for 
the subsequent precipitation of the lysine. 

The decomposed silver precipitates were freed from silver 
sulfide, concentrated to about 3.5 liters, and excess silver added as 
before. The solution was then brought to pH 7.4, centrifuged, 
the precipitate (Hs) suspended in acidified water and decomposed 
with hydrogen sulfide. The filtrate (7.2 liters) was made alkaline 
to phenolphthalein, the precipitate (As) of arginine silver removed, 
the filtrate acidified, concentrated, and the alkaline silver precipi- 
tation repeated in a volume of 1.5 liters. The filtrate from this 
precipitate (A,) was freed from reagents and added to the lysine 
fraction as Le. 

It is unnecessary to describe in detail the further steps taken to 
insure the complete separation and purity of the histidine and 
arginine fractions. In brief the histidine fraction, H3, was again 
subjected to a silver precipitation at pH 7.4, whereby H, was 
secured and the filtrate from this yielded successive arginine 
fractions, A; and Ag, and a filtrate, L;, for the lysine fraction. 
All of the arginine fractions were combined and the silver separa- 
tion repeated obtaining Hs, which was added te Hy, and A; and 
As, which contained the whole of the arginine except the small 
amount which might still be retained by the voluminous histidine 
fraction H,. The filtrate Ly was combined with the lysine frac- 
tions. 





acid to brom-phenol blue the test can be readily obtained provided excess 
silver is present. The statement on p. 711 of our earlier paper (3) to the 
effect that a liberal amount of sulfuric acid should be added at the beginning 
is therefore misleading. The acidity should not be allowed to become 
unduly great. 
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Histidine Fraction—The precipitates H, and Hs; were decom- 
posed and the solution brought to a volume of about 2 liters. 
Sulfuric acid to make 5 per cent was added and the histidine was 
precipitated by the addition of 3 liters of Hopkins’ reagent. The 
precipitate, which was filtered off after standing 2 days, was 
decomposed with hydrogen sulfide and the filtrate from the 
mercuric sulfide brought to pH 5 to 6 by means of barium hydroxide 
and filtered. The solution was made to 2000 cc. It contained 
4.218 gm. of nitrogen, the equivalent of 15.56 gm. of histidine or 
7.80 per cent of the protein. Histidine was determined in the 
usual way with dinitronaphtholsulfonic acid in two 200 ce. aliquots. 
The average indicated that the whole solution contained 15.10 
gm. of histidine equivalent to 7.57 per cent of the protein. The 
histidine dinitronaphtholsulfonate contained 8.18 per cent of 
sulfur, theory 8.17 per cent. 

As further evidence of the purity of this fraction, the remaining 
1580 cc. were brought to pH 7.2, the approximate isoelectric point 
of histidine, by means of barium hydroxide. The solution was 
filtered and concentrated in vacuo to about 100 cc., heated until 
the separating histidine had redissolved, and 200 cc. of absolute 
alcohol were added. On being chilled overnight 10.38 gm. of well 
crystallized and fairly pure histidine separated (nitrogen found, 
26.4 per cent, calculated, 27.10 per cent). The mother liquor, 
when concentrated to 15 cc. and treated with 2 volumes of alcohol 
as before, yielded a further 1.19 gm. of somewhat less pure (nitro- 
gen 26.1 per cent) but well crystallized histidine. On the assump- 
tion that all the impurity in this histidine was due to tyrosine 
(14), the final mother liquor being disregarded, these two crops 
together account for 90 per cent of the calculated histidine of the 
solution. 

Arginine Fraction.—The arginine precipitates A; and As were 
combined, decomposed with hydrogen sulfide in the presence of a 
slight excess of sulfuric acid, freed from silver sulfide, and brought 
to 1000 cc. Analysis of 25 cc. aliquots of this solution indicated 
the presence of 2.136 gm. of nitrogen equivalent to 6.64 gm. of 
arginine or 3.33 per cent of the protein. The remaining 950 cc. 
were treated with sufficient barium hydroxide to reduce the 
acidity to approximately pH 5, barium sulfate was removed, and a 
slight excess over the theoretical amount of dinitronaphtholsul- 
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fonic acid was added to the hot solution at a volume of 800 ce. 
When the mixture stood overnight, 15.61 gm. of extremely fine 
arginine dinitronaphtholsulfonate separated, equivalent to 5.86 
gm. of arginine for the whole solution or 88.2 per cent of the 
amount calculated from the nitrogen. This material contained 
6.69 per cent sulfur, theory 6.56 per cent. The mother liquor was 
freed from reagents and subjected to a silver fractionation. An 
insignificant amount of material was precipitated at pH 7.2 and 
from this precipitate, Hs, 0.011 gm. of histidine or 0.005 per cent 
of the protein was isolated by means of dinitronaphtholsulfonic 
acid. The arginine precipitate, A, gave arginine dinitronaphthol- 
sulfonate weighing 0.305 gm. equivalent to 0.115 gm. of arginine 
when corrected for the aliquots removed. Together these two 
crops of dinitronaphtholsulfonate account for 5.972 gm. of arginine. 
This is equivalent to 2.99 per cent of the protein. 

Filtrate from Mercuric Sulfate Precipitate—The filtrate from the 
Hopkins’ reagent precipitate was freed from mercury and the 
greater part of the sulfuric acid, treated with an excess of silver 
oxide, and a histidine precipitate H; removed at pH 7.4 and an 
arginine precipitate Ay at alkaline reaction. The histidine 
silver precipitate was decomposed and the histidine precipitated 
by Hopkins’ reagent at a volume of 300 cc. The solution became 
faintly turbid within an hour and on standing 3 days a small 
precipitate separated. From this 0.124 gm. of histidine, equiva- 
lent to a further 0.06 per cent of the protein, was obtained as 
dinitronaphtholsulfonate by the usual procedure. This experience 
indicates that the precipitation of histidine by means of Hopkins’ 
reagent is extraordinarily complete even in the large volume 
employed. 

The arginine precipitate Ay» probably represents that part of the 
arginine which we had failed to wash out of the early histidine 
precipitates. After decomposition with hydrochloric acid 0.676 
gm. of arginine dinitronaphtholsulfonate was secured. This is 
equivalent to 0.241 gm. of arginine or an additional 0.12 per cent 
of the protein. 

Lysine Fraction.—The four solutions, L;, Le, Ls, and Ly, were 
combined and freed from silver, made alkaline with barium 
hydroxide, and concentrated in vacuo with the occasional addition 
of alcohol until the ammonia was removed. The solution was 
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then freed from barium and brought to a volume of 3 liters, 5 
per cent of sulfuric acid was added, and the lysine was precipitated 
by the addition of 3 liters of 20 per cent phosphotungstic acid 
reagent. The precipitate was washed twice with dilute reagent, 
dissolved in 6 liters of 50 per cent acetone, and the phosphotungstic 
acid precipitated by barium hydroxide. The precipitate was 
thoroughly washed, first with cold and then with boiling alkaline 
water, and the clear solution was faintly acidified, concentrated, 
and all reagents were removed. Analysis of the solution showed 
the presence of 5.027 gm. of nitrogen. The crude lysine picrate 
secured in the customary way was recrystallized, two successive 
crops containing 11.40 and 0.97 gm., corrected, of lysine picrate 
being obtained. Both decomposed at 265-266° and were pure. 
This amount corresponds to 6.20 per cent of lysine in hemoglobin. 
All mother liquors were combined, picric acid was removed, and 
the basic substances were again precipitated with phosphotungstic 
acid. From this material lysine picrate decomposing at 261°, con- 
taining 3.78 gm. equivalent to a further 1.89 per cent of lysine, 
was secured. The filtrate from this crop was again worked over 
with phosphotungstic acid but no lysine picrate could be obtained 
from it. 


SUMMARY. 


Analysis of the basic amino acids of crystallized horse hemo- 
globin by direct isolation methods indicates that this protein 
yields 7.64 per cent of histidine, 3.32 per cent of arginine, and 8.10 
per cent of lysine. It has been found that the silver compound of 
histidine can best be separated from that of arginine at pH 7.4 
when the relative proportion of histidine to arginine is excep- 
tionally high as is the case in hemoglobin. A careful examination 
of all the fractions produced in this analysis indicates that com- 
plete separations can be effected only by repeated precipitations 
and that the nitrogen content of the different fractions cannot be 
relied upon as a measure of the proportions of the bases in them. 
The best evidence of the actual composition of the histidine and 
arginine fractions is secured from the weights of their respective 
dinitronaphtholsulfonates and that of the lysine fraction from the 
weight of its picrate. 

Evidence is presented that the precipitation of histidine by 
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Hopkins’ reagent from a relatively pure solution of this base is 
practically complete. 

The present results are in closest agreement with the assumption 
that the hemoglobin molecule, weighing 66,800, yields 33 molecules 
of histidine, 13 of arginine, and 37 of lysine. 
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A COMPARISON OF THE TITRATION CURVES OF 
COAGULATED AND UNCOAGULATED EGG 
ALBUMIN.* 


By BYRON M. HENDRIX anp VELMA WILSON. 


(From the Laboratory of Biological Chemistry, School of Medicine, University 
of Texas, Galveston.) 


(Received for publication, June 15, 1928.) 


A comparison of the titration curves of coagulated and un- 
coagulated egg albumin has been made in an effort to learn some- 
thing of the process of coagulation of protein by heat. It is a 
well known fact that egg albumin and other proteins unite with 
acids in a medium of pH below 4.8 and with bases in a medium of 
pH above 4.8. The acid- or base-combining capacity varies with 
the increase in the hydrogen or hydroxyl ion concentration, but 
the combination is stoichiometric; the combining capacity at a 
given hydrogen ion concentration has been found to be a character- 
istic property. It is our purpose to show how heat-coagulated 
egg albumin compares with uncoagulated egg albumin in the 
ability to react with acids and bases. We employ titration values, 
combining capacities, and buffer values to test our hypothesis 
that heat coagulation causes a decrease in the number of acid- and 
base-combining groups; namely, the free amino and carboxyl 
groups of the protein molecule. 


Loeb (1), Cohn (2), and Hoffman and Gortner (3) have reviewed ex- 
perimental work on proteins which has thrown light on the properties of 
eggalbumin. The divergent views of the colloid chemists who describe the 
combining of protein with acid or base by means of Freundlich’s adsorption 
formula and those who regard these reactions as strict chemical combina- 
tions have led to a great deal of work, but not with entire agreement. 
Various methods have been employed to demonstrate the combining power 





* This paper has been abstracted from a thesis presented by Miss Wilson 
to the Graduate School of the University of Texas in partial fulfilment of 
the requirements for the degree of Master of Arts. 
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of proteins, but accurate quantitative results were not obtained until the 
development of the electrometric method by Sgrensen and others. The 
potentiometric method of measuring hydrogen and chloride ion concentra- 
tions in the presence of egg albumin was introduced by Bugarszky and 
Liebermann (4) in 1898. 

Electrometric titrations of Sgrensen (5), Loeb (6), and Hitchcock (7) 
showed that egg albumin is an ampholyte comparable to amino acids; the 
acid- or base-combining power increases with change in the hydrogen ion 
concentration on either side of the isoelectric point; the reaction of the 
protein with acid or base is stoichiometric, the combining power at a given 
pH being a characteristic property; and the salts formed by neutralization 
are highly ionized. 

The first publication of titration curves is credited by Cohn (2) to 
D’Agostino and Quagliarello. Since then such curves have been widely 
used to describe the acidic and basic properties or proteins at various hy- 
drogen ion concentrations. The results of titrations by Bugarszky and 
Liebermann (4), Loeb (6), Hitchcock (7), and Cohn and Berrgren (quoted 
by Cohn (2)) agree well enough to be represented by means of one curve 
showing the amount of hydrochloric acid or sodium hydroxide combined 
with 1 gm. of crystalline egg albumin at varying hydrogen ion concen- 
trations. 

The process of the coagulation of egg albumin by heat has been studied 
by several investigators as a denaturation and subsequent flocculation 
(8-12). Chick and Martin (10), Lepeschkin (11), and others regarded 
denaturation as a hydrolysis. Lewis (13) considered denaturation to be a 
hydration of certain linkages—not peptide—in the protein molecule. He 
suggested that the affinity between the carboxyl and amino groups of the 
same molecule might be great enough to prevent reaction with the opposite 
groups of contingent molecules. Hydration of such linkages as the ethylene 
oxide, however, may introduce hydroxyl radicals between the carboxyl 
and amino groups and thus lessen their affinity for each other so that they 
are free to react with groups of adjacent molecules during flocculation. 
Robertson (14) concluded that coagulation is a process of dehydration of a 
heavily hydrated molecule. 


EXPERIMENTAL. 


The egg albumin used in this work was crystallized twice by the 
method of Hopkins and Pinkus (15). The solution of recrystal- 
lized egg albumin was now dialyzed in closed collodion bags to 
remove the ammonium sulfate. The distilled water in the dialyz- 
ing vessels was changed frequently. The dialysis was continued 
for a week or 10 days, until no sulfate was detected in the water 
of the outer vessel. Toluene was used as a preservative. After 
the completion of the dialysis, the albumin solution was filtered 
to remove the protein which had precipitated on the collodion 
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membrane, and the filtrate was kept in the refrigerator under 
toluene. 

The nitrogen content of the stock solution was determined by 
the Kjeldahl method. Neither the sample nor the protein-free 
filtrate of the solution gave any evidence of the presence of am- 
monia, so it was assumed that the Kjeldahl nitrogen represented 
the protein nitrogen accurately. The factor 6.45 was used in 
calculating the total protein concentration ((5), p. 39). A de- 
termination of the heat-coagulated protein indicated that all of 
the protein was heat-coagulable. 

A solution of this recrystallized egg albumin was brought to the 
isoelectric point by adding hydrochloric acid and the protein 
coagulated by heating for about 30 minutes in the autoclave at 
atmospheric pressure. This mixture was allowed to stand over- 
night; then it was filtered. The precipitated albumin was well 
washed with hot water and subsequently dried as much as possible 
by pressing between filter papers and washing with absolute alco- 
hol. After it was thoroughly dried in an oven at 60°, it was pul- 
verized and weighed for titrations. 

Unfiltered, wet, coagulated albumin was also used. Volumes 
containing 1 gm. of protein were subjected to the heating process 
described above, but the filtration was omitted. This coagulated 
albumin was titrated in the mother liquor the day after it was 
coagulated. The hydrogen ion concentration was changed during 
coagulation so that a correction was introduced in this series to 
make the results comparable to those of other series. 

The hydrogen ion concentrations of these protein-acid and pro- 
tein-base solutions were determined with a quinhydrone electrode 
referred to a saturated calomel half-cell with a saturated potassium 
chloride bridge to eliminate contact potential. Electromotive 
force measurements were made with a Leeds and Northrup ion 
potentiometer. The potentiometric system was checked by de- 
termining the pH of standard (0.1 Nn) hydrochloric acid with each 
set of titrations. 

The pH of the solution was calculated by the equation 


as 0.4538 — 0.00035 (¢ — 18) — E 
0.0577 + 0.0002 (¢ — 18) 





pH 


where ¢ is the temperature and FZ is the measured E.m.F. (16). 
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The method used by Tague (17) was followed in the process of 
titration so that at a given pH the amount of protein and the total 
volume of solution were identical in all series. This precaution 
allowed a quantitative comparison of the volumes of acid or base 
necessary to bring 1 gm. samples of isoelectric albumin to a defi- 
nite hydrogen ion concentration. Although the protein was 
coagulated in an isoelectric medium, the mixtures of dried al- 
bumin and water did not have a hydrogen ion concentration of 
pH 4.8. All other titrations, however, were begun with isoelectric 
solutions. 

The standard hydrochloric acid was prepared by the Hulett and 
Bonner (18) constant boiling method and checked gravimetrically 
by precipitation with silver nitrate. The sodium hydroxide was 
standardized against this acid. Freshly boiled distilled water was 
used in all titrations. 

Four sets of titrations were made as follows: 

1. 1 gm. samples of dried coagulated albumin with water and 
varying amounts of 0.01 Nn acid or base were kept in the refrigera- 
tor and frequently shaken for about 17 days. At the end of this 
period and after the solutions had been allowed to come to room 
temperature, the solid quinhydrone was added. The protein- 
quinhydrone mixtures were well stirred to insure equilibrium 
before the final electrometric readings were taken. 

2. To uncoagulated albumin solution, in volumes equivalent to 
1 gm. of protein, water and 0.1 N acid or base were added from 
burettes in such amounts that the total volume and pH corre- 
sponded to those of the dried albumin series. The pH determi- 
nations were made as before. 

3. Titrations of coagulated but unfiltered albumin were the 
same as the titrations of uncoagulated albumin; 0.1 N acid or base 
and water were added until the pH and total volumes corresponded 
to those titrations of dried coagulated egg albumin. 

4. The titration of freshly boiled distilled water was necessary 
in order that we might estimate the amount of acid or base com- 
bined with the protein. Total volume precautions were heeded 
as before. 
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RESULTS AND DISCUSSION. 


Tables I to V show the amount of acid or alkali necessary to 
bring the solution containing 1 gm. of egg albumin to a definite 
pH. The coagulated albumin curves deviate markedly from that 
of the uncoagulated albumin. The uncoagulated protein re- 
quires more of the titrating solution to change the hydrogen ion 
concentration of the mixture from the isoeletric point. The dried 

















TABLE I. 
Titration of 1 Gm. of Dried Coagulated Egg Albumin with 0.01 nw HCl. 

Thee | oor |T shame | 0.01 x | Tem- 

wplame | Qu |Tomper! eae. | pet | plume] QO | pore | eace. | pH 
tion. tion. , 

Titration 1. Titration 3. 

ce. ce. e. volt cc. cc. . volt 

79.0 0.0 | 26.0 | 0.1620) 4.87 79.0 | 0.0 | 23.0 | 0.1650) 4.89 
84.0 5.0 | 25.5 | 0.2235) 3.84 84.0} 5.0 | 23.0 | 0.2270) 3.83 
89.0 | 10.0 | 25.5 | 0.2410) 3.55 89.0 | 10.0 | 23.0 | 0.2465] 3.50 
97.0 | 18.0 | 25.5 | 0.2530) 3.35 99.0 | 20.0 | 23.0 | 0.2520) 3.41 
109.0 | 30.0 | 25.5 | 0.2720) 3.03 | 109.0 | 30.0 | 23.0 | 0.2690) 3.12 
119.0 | 40.0 | 25.5 | 0.2750) 2.97 | 119.0 | 40.0 | 23.0 | 0.2770) 2.98 
129.0 | 50.0 | 25.5 | 0.2835) 2.83 | 129.0 | 50.0 | 23.0 | 0.2830) 2.88 

Titration 2. Titration 4. 

79.0 0.0 | 25.5 | 0.1380) 5.29 79.0 | 0.0 | 24.0 | 0.1500) 4.94 
84.0 5.0 | 25.5 | 0.2215) 3.88 84.0 | 5.0 | 24.0 | 0.2290) 3.78 
89.0 | 10.0 | 25.5 | 0.2250) 3.82 89.0 | 10.0 | 24.5 | 0.2430) 3.53 
99.0 | 20.0 | 25.5 | 0.2460) 3.46 99.0 | 20.0 | 24.5 | 0.2570) 3.30 
109. 30.0 | 25.5 | 0.2650) 3.14 | 109.0 | 30.0 | 24.0 | 0.2600) 3.25 
119.0 | 40.0 | 25.5 | 0.2750) 2.97 | 119.0 | 40.0 | 24.0 | 0.2785) 2.92 
129.0 | 50.0 | 25.5 | 0.2830) 2.84 | 129.0 | 50.0 | 24.0 | 0.2855) 2.80 
































coagulated albumin requires less acid or base than the unfiltered 
coagulated albumin. For example, 66.5 cc. of 0.01 n HCl are 
required to change the unheated albumin solution from pH 4.85 
to pH 3.0, while 46 cc. and 37 cc. are sufficient to produce the same 
pH change in the samples of coagulated unfiltered and dried 
coagulated albumin respectively. On the alkaline side, 37.8 cc. 
of 0.01 n NaOH decreased the hydrogen ion concentration of 
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originally isoelectric uncoagulated albumin to that of pH 7, but 
this same decrease was brought about by 11 ce. and 7.8 cc. of base 
in the titrations of coagulated unfiltered and dried coagulated 
albumins. 

The change in the hydrogen ion concentration is due to only a 
fraction of the total acid or base; the remainder of the HCl or 
NaOH combines with the albumin to form albumin hydrochloride 


TABLE II. 
Titration of 1 Gm. of Dried Coagulated Egg Albumin with 0.01 n NaOH. 












































Total Tem Total Ten- 
1 0.01» — 1 0.01 — 
of solu- NaOH. pera E.M.F. pH of solu NaOd. pere- E.M.F. pH 
Titration 1. Titration 3. 

ce. ce ~~. volt ce. ce. . volt 
79.0 0.0 | 26.0 0.1620) 4.87 | 79.0 | 0.0 | 23.0 0.1650) 4.89 
84.0 4.9 | 25.5 0.0250) 7.20 | 84.0 | 4.9 | 23.0 0.0540) 6.78 
89.0 9.8 | 25.0 0.0330) 7.06 | 89.0} 9.8 | 23.0 0.0290) 7.21 
94.0 | 14.7 | 25.0 0.0080) 7.49 | 94.0 | 14.7 | 23.0 0.0240) 7.29 

99.0 | 19.5 | 23.0 0.0170) 7.40 

104.0 | 24.4 | 23.0 0.0120) 7.50 

114.0 | 34.3 | 23.0 | —0.0060} 7.80 

Titration 2. Titration 4. 

79.0 0.0 | 25.5 0.1380) 5.29 | 79.0} 0.0 | 24.0 0.1600) 4.94 
84.0 4.9 | 25.5 0.0510} 6.76 | 84.0 | 4.9 | 24.0 0.0470) 6.87 
89.0 9.8 | 25.5 0.0340) 7.05 | 89.0] 9.8 | 24.5 0.026 | 7.20 
94.0 | 14.7 | 25.5 0.0240) 7.21 | 94.0 | 14.7 | 24.5 0.0200) 7.30 
99.0 | 19.5 | 25.5 0.0110) 7.43 | 99.0 | 19.5 | 24.0 0.0170) 7.38 
104.0 | 24.4 | 25.5 | —0.0080) 7.76 |104.0 | 24.4 | 24.5 0.0030) 7.60 
114.0 | 34.3 | 25.5 | —0.0210) 7.97 |114.0 | 34.3 | 24.5 | —0.0110| 7.84 


























or sodium albuminate. The volume necessary to cause the pH 
change in the solution is shown by thé water titration curve. The 
combination curves were constructed from the water curve and 
each of the titration curves. The difference, for example, in the 
volume of HCl required to bring 1 gm. of originally isoelectric 
uncoagulated albumin to pH 3.5 (with a total volume of 89 cc.) 
and the volume required to change the pH of water from 4.85 to 3.5 
(with a total volume of 89 cc.) is the amount of HCl combined with 











Titration of 1 Gm. of Unfiltered Coagulated Egg Albumin with 0.1 w HCl. 


TABLE III.* 
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a a of calculated as Temperature. E.M.F. pH 
Titration 1. 
cc. ce. °C. volt 
79.5 0.0 25.5 0.1610 4.90 
79.8 3.0 25.5 0.1870 4.46 
84.0 14.9 25.5 0.2235 3.84 
89.0 19.9 25.5 0.2358 3.64 
99.0 30.8 25.5 0.2550 3.31 
109.0 39.8 25.5 0.2660 3.13 
119.0 48.8 25.5 0.2750 2.97 
129.0 57.7 26.0 0.2820 2.85 
Titration 2. 
79.4 0.0 25.0 0.1598 4.93 
79.8 3.0 25.0 0.1890 4.44 
84.0 14.9 25.0 0.2260 3.81 / 
89.0 17.9 25.0 0.2340 3.68 | 
99.0 30.4 25.0 0.2560 3.30 \ 
109.0 36.8 25.0 0.2650 3.15 
119.0 47.8 25.5 0.2750 2.97 
129.0 55.7 25.5 0.2815 2.87 
Titration 3. 
79.5 0.0 24.5 0.1739 4.71 } 
79.8 3.0 24.5 0.1910 4.41 
80.4 8.9 24.5 0.2130 4.04 
83.5 10.9 24.5 0.2155 4.00 
89.0 18.9 25.0 0.2350 3.66 
99.0 29.9 25.0 0.2550 3.32 
109.0 38.2 25.0 0.2660 3.15 
119.0 47.8 25.0 0.2750 2.98 
129.0 55.7 25.0 0.2820 2.86 

























* Some of our data have been omitted from this table. 


1 gm. of the uncoagulated protein. 
coagulated albumin is combined with 39 cc. of the 0.01 n HCl. 
This method of determining the combining capacity was used by 


Thus, at pH 3.5, 1 gm. of un- 
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Loeb ((1) p. 55) in his titration of proteins and by Tague (17) 
in work with amino acids. The method takes into account neither 
the activity coefficient of the hydrogen ion in the protein solution 















































TABLE IV. 
Titration of 1 Gm. of Unfiltered Coagulated Egg Albumin with 0.1 w NaOH. 
NaOH 

Sete velanee of oe as Temperature. E.M.F. pH 

Titration 1. 

ce. ce. *C. volt 

79.0 5.0 23.0 0.1090 5.84 
79.1 6.2 23.0 0.0860 6.23 
84.0 9.4 23.5 0.0570 6.71 
89.0 12.3 23.5 0.0340 7.11 
99.0 17.7 23.5 0.0130 7.46 
109.0 22.6 24.0 0.0025 7.63 
114.0 27.5 24.0 —0.0140 7.91 

Titration 2. 
79.0 5.0 23.0 0.1040 5.93 
81.5 7.0 23.0 0.0760 6.41 
89.0 12.2 23.0 0.0360 7.07 
99.0 18.7 23.5 0.0110 7.40 
109.0 22.6 24.0 0.0037 7.61 
114.0 29.4 24.0 —0.0140 7.91 

Titration 3. 
79.0 5.0 25.0 0.0925 6.07 
81.5 6.0 25.0 0.0755 6.36 
84.0 7.9 25.0 0.0620 6.59 
89.0 9.9 25.5 0.0368 7.00 
99.0 17.7 25.5 0.0125 7.41 
109.0 22.8 26.0 0.0030 7.55 
114.0 28.5 26.0 —0.0125 7.82 

















nor the hydrolytic dissociation of protein hydrochloride, but it 
affords, nevertheless, an adequate basis for comparison of the 
combining capacities of the uncoagulated and coagulated proteins. 

The curves in Fig. 1 show that the uncoagulated albumin com- 
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bines with more HCl or NaOH than the coagulated albumin. 
The dried coagulated albumin does not combine with as much of 
the acid or base as the unfiltered coagulated albumin, except in the 
region more alkaline than pH 7.3. We have no direct evidence of 
a shift in the isoelectric point due to coagulation. 

In order to answer the question concerning the possibility of 
incomplete reaction between the insoluble coagulated egg albumin 











TABLE V.* 
Titration of 1 Gm. of Uncoagulated Egg Albumin with 0.1 w HCl and with 
0.1 x NaOH. 
poo Acid 
Total | “Soo Total | 
alkali | Tem- alkali | Tem- 
— calcu- | pera- | zur. | pH be pane calou- | pera- | .M.F. pH 
tion, lated as | ture. tion. lated | ture. 
‘ 0.01 Nn. as 
0.01 x. 
Titration with HCl. Titration with NaOH. 
ce. ce. ww. volt cc. ce. A volt 


79.0 | 0.0 | 26.5 | 0.1603 | 4.89 | 79.0 | 0.0 | 25.5 0.1630 
79.6 | 6.0 | 26.5 | 0.1750 | 4.64 | 79.6) 5.9 | 25.5 0.1480 
80.0 | 10.0 | 26.5 | 0.1840 | 4.49 | 80.0) 9.8 | 25.5 0.1355 
80.6 | 15.9 | 26.5 | 0.1970 | 4.27 | 80.4 | 13.7 | 25.5 0.1210 
81.0 | 19.9 | 26.5 | 0.2040 | 4.15 | 80.8 | 17.6 | 25.5 0.1040 
84.0 | 28.9 | 26.0 | 0.2205 | 3.89 | 81.5 | 19.5 | 25.5 0.0948 
89.0 | 39.8 | 26.0 | 0.2385 | 3.58 | 84.0 | 26.4 | 25.5 0.0500 
94.0 | 44.8 | 25.5 | 0.2449 | 3.48 | 89.0 | 29.3 | 26.0 0.0280 
99.0 | 50.8 | 25.0 | 0.2543 | 3.33 | 94.0 | 31.3 | 26.0 0.0120 
104.0 | 55.8 | 25.0 | 0.2610 | 3.22 | 99.0 | 32.2 | 26.0 0.0092 


NNNNNNQQaaaae 
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109.0 | 60.7 | 25.0 | 0.2660 | 3.14 |104.0 | 33.2 | 26.0 0.0040 
114.0 | 65.7 | 25.0 | 0.2710 | 3.05 |109.0 | 33.9 | 26.0 0.0020 
119.0 | 69.7 | 25.0 | 0.2750 | 2.98 {114.0 | 38.1 | 26.0 | —0.0160 
129.0 | 79.7 | 25.0 | 0.2825 | 2.86 





* Some of our data have been omitted from this table. 


and the acid or alkali of the solution, we have titrated by the same 
method one specimen each of acid and alkali metaprotein prepared 
by treating portions of recrystallized uncoagulated egg albumin 
with approximately 0.1 Nn HCl and 0.1 n NaOH respectively. 
The sample treated with HCl was allowed to stand overnight 
at room temperature and that treated with NaOH was left for 
6 hours. The samples were then neutralized to the point of com- 
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| plete precipitation of the metaprotein. The metaproteins were 
filtered, washed thoroughly, and dried. The alkali metaprotein 


i Cc. 
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0.01N NOH 
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25 3.0 325 40 45 5.0 55 60 65 70 75 


Fig. 1. The volume of 0.01 n HCl or NaOH combined with 1 gm. of egg 
albumin. A, uncoagulated egg albumin; B, coagulated unfiltered albu- 
min; C, dried coagulated albumin. 


was dried in a vacuum desiccator, while the acid metaprotein was 
‘dried in the refrigerator and finally in the desiccator. It was 
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found that the titration curves for these metaproteins were essen- 
tially parallel to the titration curve of uncoagulated egg albumin. 
This is especially true for considerable distances on either side of 
the isoelectric point, although the metaproteins appeared to be no 
more soluble than the coagulated protein in the presence of the 
same amounts of acid or alkali. We feel, therefore, that the flat- 
ness of the titration curves for coagulated egg albumin in the re- 
gion of the isoelectric point is not due to a failure to establish 
equilibrium. 

We have compared the titration curves of coagulated egg al- 
bumin after 2 days contact with the acid or alkali with the curves 
obtained after the protein had been in contact with the various 
solutions for 17 days, and we have found them essentially identical. 
This, we believe, shows that our curves are true titration curves of 
coagulated egg albumin. 

The loss of combining capacity of the egg albumin during the 
process of coagulation is due to alteration of the degree of dissocia- 
tion of the protein or to loss of free amino and carboxyl groups. 
The combination curves show that, within the pH range 2.7 to 
7.7, at least, fewer acid and basic groups are functioning. It 
seems plausible that these groups have reacted during coagulation, 
probably giving up water. The process of dehydration described 
by Robertson (14) involves a decrease in the number of amino 
and carboxyl radicals. The protein molecule forms a loose com- 
bination with the water, with consequent dehydration on heating. 
The possibilities of reaction are: 


fa 30H HOOK. NH;,OOC—R—NH;0H 
(i) R R=R 


a + H:0 
‘coon HOH.N” OOH 
f* H,OOC—R—NHOH NHOC—R—NH;0H 
(2) R =R + H:O 
coon OOH 


Jn HOC—R—NH;0H NHOC—R—NH: 
= RC + H:;0 


(3) RK 


NHOC—R—NH; NHO 
(4) RC o 4 R + H,0 
COOH OHN 


COOH COOH 
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Coagulation results, according to this theory, in the union of the 
carboxyl and amino groups to form anhydrides. There is, then, 
a decrease in the free acid and basic groups. 

Two facts are pointed out by Lewis (13) which show the involve- 
ment of carboxyl and amino groups in the second step of coagula- 
tion: (1) coagulation is maximal in the isoelectric region, and (2) 
“on treatment of protein with formaldehyde the resulting dena- 
tured material even at a pH of isoelectric point exhibits greatly 
delayed flocculation owing to a portion of the amino groups being 
‘covered.’” A possibility of hydrolysis during denaturation is 
given by Lewis which involves some linkage other than the pep- 
tide, perhaps an ethylene oxide linkage. An introduction of 
hydroxyl groups between the amino and carboxyl groups of the 
same molecule lessens their affinity for each other so that they are 
free to react with the radicals of adjacent molecules, condensation 
and flocculation resulting. 

If denaturation involves no change in the number of free amino 
and carboxyl groups (10) then flocculation must be more than a 
discharging of denatured material. There is, perhaps a removal 
of water due to a condensation of amino and carboxyl radicals 
rather than to a simple dehydration comparable to the removal of 
water of hydration of salts. On the other hand, if the flocculation 
of heat-denatured albumin is merely a physical process, then there 
must be some involvement of amino and carboxyl groups in de- 
naturation which has not yet been revealed. Our results point 
to a chemical reaction during the process of coagulation which 
causes a decrease in the acid- and base-binding units of the pro- 
tein molecule. 

The combining power of dried coagulated albumin is less than 
that of the unfiltered coagulated albumin. This may be due to 
removal of water by drying. The process of drying may bring 
about a greater degree of condensation than heating alone. The 
dried coagulated albumin, under the conditions of these titrations, 
undoubtedly represents actual equilibrium to a greater degree 
than the unfiltered’ coagulated albumin. The difference in com- 
bination certainly shows a difference in the ability to ionize as an 
acid or base at a given pH, perhaps because more carboxyl and 
amino groups have reacted during the drying of the albumin. 
The titration and combining curves show irregularities in the 
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alkaline region below pH 7. These may be due to inaccuracies of 
measurements with the quinhydrone electrode although this elec- 
trode is recommended for solutions as alkaline as pH 8 or 9. It is 
possible that some hydrolysis occurred in our more alkaline solu- 
tions. If this did happen, there would be liberated an increasing 
number of carboxyl groups which would neutralize some of the 
sodium hydroxide. 

The egg albumin, which dissociates as a weak acid in a medium 
more alkaline than isoelectric point and as a weak base in a medium 
more acid, acts as a buffer. Van Slyke (19) adopts as a unit of 
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30 35 40 45 5.0 5.5 6.0 65 7.0 7.5 
pH 
Fig. 2. Buffer values. A, uncoagulated albumin; B, dried coagulated 
albumin; C, unfiltered coagulated albumin; D, water. 


d 
measurement of buffer value the ratio pr’ where dB is the in- 


crement of strong base and —dB is the increment of strong acid 
added to a liter of the solution. The dpH is the increment in pH 
which results when the acid or base is added to the solution. We 
have constructed the buffer value curves with the ratio of measur- 


AB . , ‘ 
able increments, ApH’ to compare the acid and basic properties 


of the three types of egg albumin. AB is the volume of 0.01 N 
acid or base necessary to change the pH 0.5. ApH, therefore, is 
0.5. The difference in buffer values at a given pH depends upon 
the relative amounts of weak acid, or base, and the salt, and also 
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upon the degree of ionization of the free amino and carboxyl 
groups. 

These buffer value curves (Fig. 2) show that coagulated albumin 
lies between uncoagulated albumin and water in its efficiency as a 
buffer. Since these titrations were not carried above pH 8, our 
buffer curves do not show the increase in buffer value near pH 9 
which is revealed in the curves of titration of uncoagulated egg 
albumin by Loeb ((1), p. 68). The shape of the curves of both the 
dry and unfiltered coagulated albumin approaches that of the 
water curve, although the range of minimal buffer value is much 
less for the albumins than for water. It may be added that our 
water series was titrated from a pH of 4.8. It really amounts to 
the titration of a very dilute, unbuffered acid solution. 


SUMMARY. 


1. 1 gm. of uncoagulated egg albumin combines with more 
0.01 n acid or base in the pH range 2.8 to 7.7 than 1 gm. of coagu- 
lated egg albumin. 

2. 1 gm. of unfiltered coagulated egg albumin combines with 
more acid or base than 1 gm. of dried coagulated egg albumin. 

3. The efficiency of heat-coagulated albumin as a buffer differs 
markedly from that of uncoagulated albumin. 

4. It is suggested that heat coagulation involves a decrease 
in the number of free carboxyl and amino groups in the protein 
molecule. This decrease probably results from a condensation of 
opposite groups of adjacent molecules. 

5. This condensation appears to be greater in the case of the 
dried coagulated egg albumin than in that of the unfiltered coagu- 
lated egg albumin. 
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ON THE TIME OF ABSORPTION AND EXCRETION OF 
BORIC ACID IN MAN. 


By LOUIS KAHLENBERG ano NORBERT BARWASBER 
(From the Chemical Laboratory, University af Wisconsin, Madison.) 


(Received for publication, July 13, 1028.) 


In a previous article’ it has been shown that boric acid passes 
through the living skin fairly rapidly. When the feet were dipped 
into a saturated aqueous boric acid solution up to the ankles, boric 
acid was found to be present in the urine in less than 5 minutes. 
The purpose of the present investigation is to ascertain more 
accurately just how long it takes for boric acid to appear in the 
the urine after the feet are immersed as described, 

Three men about 22 years of age and in perfect health served 
as subjects for the experiments. These men were 5 feet 9 inches, 
5 feet 10 inches, and 6 feet in stature respectively. Their respec- 
tive weights were 155, 163, and 188 pounds. Their feet were in 
excellent condition so far as could be determined by ordinary 
examination. 

The experiments were conducted as follows: The bladder was 
emptied about an hour before the experiment was begun and 
neither food nor drink was taken while the experiment was in 
progress. Before the feet were immersed in boric acid a sample 
of urine was always taken. It was in each case found to be quite 
free from boric acid. Only one experiment was performed per 
day on any one person. Both feet were thoroughly washed with 
hot water and a little castile soap. They were then well rinsed 
with distilled water, wiped with a fresh, clean cloth, and at once 
immersed to a depth just a little above the ankles in a saturated 
aqueous solution of boric acid at about 45° in a porcelain-enameled 
dish. The feet rested but very lightly on the bottom of the dish, 
the subject sitting in a chair. The time of immersion and also 


1 Kahlenberg, L., J. Biol. Chem., 1924-25, Ixii, 149. 
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of each micturition was taken by means of a stop-watch. The 
samples of urine (about 25 cc. each time) were collected in clean 
glass vials and analyzed. About 5 minutes elapsed between the 
taking of the first and last samples, for previous work had shown 
that after this time boric acid is always present in estimable 
amounts. 

In a preliminary series of ten experiments it was found that 
faint yet quite distinct tests for boric acid were obtained after 
the feet had been immersed for 2} minutes. Samples of urine 
taken before this time gave such extremely faint coloration to the 
turmeric paper (on account of the natural organic coloring matter 
in the urine) as to render the tests uncertain. These preliminary 
tests were made on the urine direct without the organic matter 
present being first destroyed, as described previously.? It was 
evident therefore that in order to get satisfactory tests on samples 
taken prior to 2 minutes, the organic matter in the samples of 
urine would have to be destroyed before the turmeric paper test 
was made. This was always done in the final series of experi- 
ments. The procedure consisted of making the sample of urine 
slightly alkaline by means of pure sodium bicarbonate, evaporat- 
ing to dryness in a platinum dish, and igniting to destroy organic 
matter. The residue was then dissolved in a littie water, acidified 
with a few drops of concentrated hydrochloric acid, and then 
tested with sensitive turmeric paper. The latter was moistened 
with the solution and dried on a large convex cover-glass on the 
water bath. The quantitative estimations were made colori- 
metrically by comparing the color of the turmeric paper with that 
of a color scale prepared with boric acid solutions of known 
strength.? In this way results that are quite satisfactory may be 
obtained. Indeed, by this method 1 part of boric acid in a million 
may still be detected and estimated. It is essential, however, 
that the turmeric paper used be fresh and of good, uniform 
quality. 

The final results obtained are presented in Table I. It should 
be borne in mind that the object was not to find the total amount 
of borie acid secreted in a given time, but rather to determine 
the amount of boric acid in the urine at various intervals after 


? Kahlenberg, L., J. Biol. Chem., 1924-25, Ixii, 152. 
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the immersion of the feet so as to ascertain how soon after the 
experiment is started it is possible to detect boric acid in the 
urine. 

The first column of Table I gives the serial number of the 
samples, the second column the time elapsed after immersion of 
the feet, and the last column the observations as to boric acid 
content. When estimable quantities were present, the results 
are given in per cent. Each horizontal line of the table repre- 
sents the average of ten samples. The first horizontal line gives 
the tests made before the feet were immersed, that is the blanks. 











TABLE I. 
Sample No. Time. Boric acid present. 
1 0 sec None. 
2 15 “ “ 
3 30 “ cf 
4 40 “ “ce 
5 45 “ “cc 
6 ies Faint test in 2 samples out of 10. 
7 55 “ cc “ce “ 2 “ee “ee “ 10. 
g& 60 “ “cc “e “ 7 cc “cc “ 10. 
per cent 
9 1 min. 10 sec. 0.0005 
10 :. * Be 0.00055 
11 ; * 2 * 0.0006 
12 ; * 0.0007 
13 7 * & = 0.0008 
14 ;: * 2 0.00085 
15 . @& * 0.0009 
16 ,S - & 0.001 








With three exceptions, the experiments were conducted early 
in the morning; that is to say, on subjects who had been at rest 
for a considerable number of hours. Three series were, however, 
carried out late in the afternoon and immediately after the sub- 
jects had returned from a very brisk walk. Samples 6 and 7 in 
Table I give the results of two of these cases. 

From the results in Table I it is evident that when the feet are 
immersed in saturated boric acid solution at 45°, boric acid passes 
into the urine in less than 1 minute; namely, 50 to 55 seconds. 
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This obviously represents the circulation time plus the time of 
absorption and secretion. The real time is probably somewhat 
less than that actually noted, for the observation depends on the 
sensitiveness of the test. Possibly if larger samples of urine had 
been taken earlier than 50 seconds and their residues tested, 
indication of the presence of boric acid might have been obtained 
even a little sooner. Physiologists have estimated the circula- 
tion time in man at about 20 to 30 seconds, the results, of course, 
being only approximate for in such experiments different paths 
are open to the blood in completing the circuit. 

It is truly remarkable that the time required for the absorption 
of boric acid by the skin and its elimination by the kidneys is only 
about 50 seconds. So far as we are aware, the total time neces- 
sary for absorption by the skin, distribution by the circulation, 
and final excretion by the kidneys has never before been measured 
in the case of any substance. 
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THE IODINE CONTENT OF CAPE COD CRANBERRIES.* 
By FRED W. MORSE. 


(From the Department of Chemistry, Massachusetts Agricultural Experiment 
Station, Amherst.) 


(Received for publication, July 6, 1928.) 


The amount of iodine contained in cranberries grown in south- 
eastern Massachusetts is of interest because the nearness of the 
sea affects the ground waters of the section. Normal chlorine in 
the spring-waters of the region ranges between 0.5 and 1.0 part in 
100,000 parts of water, which is from 5 to 10 times the normal for 
the western part of the state (3). The vegetation of this region 
should consequently be richer in iodine than that of the interior of 
the country. Therefore, since Massachusetts produces the major 
portion of the nation’s supply of cranberries, their iodine content 
possesses significance. 

Three distinct lots of cranberries were analyzed: A mixed 
sample was prepared from several crates that were in storage 
awaiting shipment; a special lot was obtained from a bog on a 
narrow strip of land called Sandy Neck, projecting into Cape Cod 
Bay; while the third lot came from a bog in the center of Nantucket 
Island.! 

The cranberries were prepared for analysis in charges weighing 
500 gm. each. The berries were cut in halves, then spread on 
trays, and placed in a drying oven where the temperature ranged 
between 60-75°. When dry, the material was ground in an iron 
mortar until all passed through a sieve with 1 mm. meshes. The 
dried charges varied in weight between 60 and 70 gm. 

The analysis was based on the work of von Fellenberg (1). 


* Published by permission of the Director of the Massachusetts Agri- 
cultural Experiment Station. 

1 The cranberries were secured through the kind cooperation of Mr. A. U. 
Chaney, of the American Cranberry Exchange, Mr. J. C. Makepeace of 
Wareham, and Mr. F. E. Smith of the Nantucket Cranberry Company. 
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The dry charge was mixed with about 25 gm. of finely powdered 
CaO and about 3 gm. of dry K,CO; by grinding in a porcelain 
mortar until the mixture appeared to be homogeneous. Enough 
water was then mixed with it to slake the lime and form a crumby 
mass. The charge was then spread in a layer in an iron bake-pan, 
22 X 12 X 6 em., which would slide into the muffle of an electric 
furnace. The surface of the layer was sprinkled with enough CaO 
to cover it. 

Heat was turned on gradually until the material was charred, 
care being used to avoid any glowing points on the surface of the 
mass. Heat was then increased and continued until the ash was 
white, which required a dull red heat of the muffle walls and several 
hours time. 

The pan was removed from the furnace and when cool, the ash 
was washed into a porcelain mortar with water and ground to a 
thin paste with no gritty feel under the pestle. 

The mass was next washed into a large flask with more water 
and heated to boiling for several! minutes. After the solids had 
settled, the liquid was decanted into an evaporating dish. Boiling 
with water and decantation of the solution were repeated five or 
six times and finally the mass was thrown on a paper filter and 
washed twice. The total solution was evaporated to dryness or 
nearly so and the resultant residue repeatedly extracted with hot 
water. The second solution was evaporated to dryness, and from 
the original mass of ash and lime was obtained a small quantity 
of solids containing the iodine. 

The succeeding steps followed the procedure of Jarvis, Clough, 
and Clark (2). The dry residue was repeatedly extracted with 
alcohol, which was then evaporated off. The residue was dis- 
solved in water, acidified, oxidized with Cl, and titrated with 
n/1000 Na,S,0; as in iodimetry. 

Several charges from each lot of cranberries were analyzed, and 
the following results are the averages corrected for the iodine found 
in the reagents. 

Cranberries from crates, 26 parts iodine per billion. 


“ “ Sandy Neck, 35 “ “ “ “ 
“ “ Nantucket, 27 “ “ “ “ 
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That the iodine was highest in the fruit from Sandy Neck is 
consistent with its closeness to the sea; but the total crop is better 
represented by the other figures. 

Iodine has seldom been reported in analyses of plants. Some 
results published by von Fellenberg (1) are given here for com- 
parison with the cranberries. 

Apples without cores contained 1 to 6 parts of iodine per billion; 
orange pulp, 16 parts; potatoes, 11 to 18 parts; cabbage, 6 to 20 
parts; lettuce, 6 to 18 parts. The ranges in figures represent the 
differences found between European districts, which were re- 
spectively unfavorable and favorable for the intake of iodine by 
plants. 

By comparison with these analyses, cranberries from south- 
eastern Massachusetts have a relatively high content of iodine. 


BIBLIOGRAPHY. 


1. von Fellenberg, T., Untersuchungen ueber das Vorkommen von Jod in 
der Natur, Biochem. Z., 1923, exxxix, 371. 

2. Jarvis, N. D., Clough, R. W., and Clark, E. D., Iodine content of the 
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THE AVAILABILITY OF DISULFIDE ACIDS AS SUP- 
PLEMENTING AGENTS IN DIETS DEFICIENT 
IN CYSTINE. 


II. a-DIHYDROXY-8-DITHIODIPROPIONIC ACID. 


By BEULAH D. WESTERMAN* anv WILLIAM C. ROSE. 


(From the Laboratory of Physiological Chemistry, University of Illinois, 
Urbana.) 


(Received for publication, July 16, 1928.) 


Having shown in a former paper (Westerman and Rose, 1927) 
that dithiodigiycollic acid and §-dithiodipropionic acid are in- 
capable of replacing cystine of the diet for purposes of growth, we 
next undertook experiments of a similar sort with a-dihydroxy- 
-dithiodipropionic acid. The latter is an interesting compound 
from the biochemical point of view because it bears the same 
structural relationship to cystine that dl-8-4-imidazole lactic acid 
does to histidine. Investigations in this laboratory (Cox and 
Rose, 1926) and elsewhere (Harrow and Sherwin, 1926) have 
shown that dl-§-4-imidazole lactic acid can induce growth in 
animals receiving diets adequate in every respect except as regards 
the histidiné content. It seemed important, therefore, to deter- 
mine whether a similar replacement of cystine by the corre- 
sponding hydroxy acid can be accomplished by the organism. 


EXPERIMENTAL. 


After numerous unsuccessful attempts to synthesize a-di- 
hydroxy-8-dithiodipropionic acid (I) from simpler compounds, we 


H.CS—————-SCH: 
HCOH HCOH 
COOH COOH 
I. 


* The experimental data in this paper are taken from a thesis submitted 
by Beulah D. Westerman in partial fulfilment of the requirements for the 
degree of Doctor of Philosophy in Physiological Chemistry in the Grad- 
uate School of the University of Illinois. 
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finally resorted to the procedure described by Neuberg and 
Ascher (1907) for the preparation of the barium salt. The 
principle involved is very simple, and consists in the treatment of 
cystine in sulfuric acid solution with barium nitrite, rendering the 
solution alkaline with barium hydroxide, removing the excess 
barium with carbon dioxide, and precipitating the barium a- 
dihydroxy-8-dithiodipropionate by the addition of alcohol. No 
difficulty is encountered in securing satisfactory yields of the 
barium salt, but the separation of the free acid in pure condition 
is complicated by the fact that the product is rather unstable 
toward heat, and is recovered as a syrup which it is difficult to 
purify or dry. Neuberg and Ascher state that the free acid may 
be obtained by decomposing the barium salt with sulfuric acid, 
but there is nothing in the paper to indicate that the authors 
attempted to recover the product in dry form. The approximate 
specific rotation of the free acid reported by them evidently was 
calculated from the amount of barium salt decomposed to give 
the acid solution. 

We have found it advantageous not to separate the barium 
salt, but to extract the free acid with ether immediately after the 
completion of the nitrite reaction. The process in full is as 
follows: 16 gm. of cystine are dissolved in 270 cc. of normal sul- 
furic acid by warming on the steam cone. The solution is cooled 
to 0°, and while being agitated with a mechanical stirrer, is 
treated with an aqueous solution of 27 gm. of barium nitrite. 
The latter is added drop by drop to avoid the evolution of red 
fumes. When the addition is completed, the whole is allowed to 
stand in a freezing mixture for a short time, and at room tem- 
perature for several hours. It is then warmed until the evolution 
of gas ceases. After the mixture is cooled, the precipitate of 
barium sulfate is filtered off. The filtrate is concentrated in 
vacuo to a volume of approximately 150 cc., and extracted several 
times with dry (alcohol-free) ether. After removal of the ether 
by evaporation, the a-dihydroxy-§-dithiodipropionic acid remains 
as a pale yellow, sticky residue which, after desiccation for several 
weeks in vacuo over sulfuric acid, may be reduced to a powder. 
Various pure and mixed solvents were employed in an attempt to 
crystallize the material, and thus remove the slight color, but none 
proved successful. 
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An aqueous solution of our solid material yields a white pre- 
cipitate with mercuric chloride, and a green insoluble salt on 
being warmed with cupric acetate. The addition of silver nitrate 
produces a white flocculent precipitate. These reactions are in 
accord with those reported by Neuberg and Ascher for the barium 
salt. The acid was devoid of nitrogen, and failed to respond to 
the cysteine and cystine tests of Sullivan (1926). 

Elementary analyses gave the following results as compared 
with the theory: 


Calculated. Found. 
per cent per cent 
i a a ed de 29.74 30.07 
Serer re rrr 4.16 4.28 
LSS. con ak 4k ite aad eu eis 26.47 25.70 
Rese cdackesonsseuus 39.63 39.95 (By difference.) 


As will be seen, the sulfur content is approximately 0.8 per cent 
low, while the carbon, hydrogen, and oxygen are somewhat high. 
These facts suggest that the compound was partially desulfurized 
in process of preparation. In this connection should be mentioned 
the fact that numerous attempts to racemize portions of the com- 
pound by refluxing in organic solvents invariably yielded products 
which, though inactive toward polarized light, were 2 to 3 per 
cent low in sulfur. Evidently, the latter is removed quite 
readily. 

Despite the fact that the compound in the syrupy state retains 
moisture with great tenacity, when once thoroughly dried it 
redissolves in water very slowly. Determinations of the specific 
rotation were made in acetone or ethyl acetate. In acetone, 2 
per cent solutions of two different preparations showed at 23° 
specific rotations of —10.4° and —11.3° respectively. At the 
same temperature and concentration in ethyl acetate the specific 
rotation amounted to —15.6°. These values are approximate 
only since the slight yellow color of the solutions prevented sharp 
polariscopic readings. Neuberg and Ascher report for their 
preparation in aqueous solution an approximate specific rotation 
of —10.6°. Our product did not give a sharp melting point as 
obviously it was not chemically pure. Several preparations were 
tested and behaved similarly. Each softened at about 80° and 
melted between 85° and 90°. 
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In order further to identify the acid a derivative was prepared 
by shaking a solution in dilute sodium carbonate with the calcu- 
lated amount of p-nitrobenzoyl chloride. On acidification of the 
filtered mixture the di-p-nitrobenzoate of a-dihydroxy-f-dithiodi- 
propionic acid precipitated. Sulfur determinations showed that 
the derivative contained 11.84 per cent as compared with the 
theoretical value of 11.87 per cent. This finding and the results 
of the elementary analyses indicate that about 97 per cent of our 
dry material consisted of the desired product. 

The feeding experiments were conducted in a manner analogous 
to those described in a former paper upon disulfide acids (Wester- 
man and Rose, 1927). Litter A (Chart I) received during the 
first 29 days the modified Sherman-Merrill (1925) ration contain- 
ing 16.66 per cent of whole milk powder. The proportion of milk 
powder was then reduced to 12.0 per cent with a corresponding 
increase in: corn-starch. This change was made in order to 
reduce somewhat the cystine content of the basal diet. Litter 
B (Chart II) received the lower proportion of milk powder 
throughout. The diet as finally modified had the following com- 
position: 


per cent 
ES. cd beh iaseedewasinnesausesenbnee 12.00 
I 6. i od ale anes ee een aeeoe 86.33 
EAR Re ct a ee EL ten ee 1.67 


Vitamins were supplied to each animal daily in the form of 200 
mg. of commercial yeast and 6 drops of cod liver oil. Both the 
yeast and the oil were administered apart from the rest of the 
diet. This ration, when supplemented with 0.2 per cent of cys- 
tine, supports steady growth at a rate about two-thirds the 
normal maximum. When cystine or a-dihydroxy-§-dithiodipro- 
pionic acid was included in the food, the substance in question 
replaced an equivalent amount of starch. The quantities of the 
supplementing sulfur compounds employed were: 


per cent 
ERE, ee LO Henan ee Pee eae 0.2 
a-Dihydroxy-8-dithiodipropionic acid................. 0.2 or 0.4 


The results of the experiments are summarized in the charts. 
Rats 846, 847, and 848 (Chart I) received the disulfide acid at a 
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CHART I (182) 
Litter A 
(176) 
& 
°o 
<2O0 days> 8 
a 
L 
(126) 
642¢ (85)/ 
p———(138)-7 
(112) 
843¢ (79) 
8442 (77) 
8462 (73) 
847¢ (84) 
848¢ (66) 



































Cuart I. The number and sex of each rat is shown at the extreme 
left of the chart. The figures in parentheses signify the initial and final 
weights of the animals. For the entire period of the experiment Rats 
842 and 843 were given cystine. Rat 844 received neither cystine nor the 
disulfide acid. To Rats 846, 847, and 848, 0.2 per cent of the disulfide acid 
was administered continually. During the first 29 days the basal diet of 
all the animals contained 16.66 per cent of whole milk powder; thereafter 
the latter was reduced to a 12.0 per cent level. This change is indicated 
on the curves by the figure 1. At the points denoted by figure 2, cystine 
in addition to the disulfide acid was incorporated in the food. 
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CHART II | 
Litter B (156) 
| 
| 
(180) 
& 
o 
<20 days > % 
t 
863¢ (84) 
| (90) 
864¢ (104) 
8652 (78 
8663 (80) (80) 
867¢ (96) 
(84) 
8682 (74) 
(70) 
8692 (80) 
(74) 
870¢ (84) 
da 
(72) 
| 

















Cuart II. Each animal received throughout the experiment a basal 
diet containing 12.0 per cent of whole milk powder plus the supplementing 
agent denoted on theindividualcurves. The diet administered to Rats 867, 
868, 869, and 870 contained 0.4 per cent of the disulfide acid, or approxi- 
mately twice the equivalent of the cystine given to the control animals. 
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0.2 percent level. Rats 867, 868, 869, and 870 (Chart IT) were given 
0.4 per cent, or approximately twice the equivalent of the cystine 
administered to the control animals. The curves indicate that 
a-dihydroxy-$-dithiodipropionic acid, when fed at either level, is 














TABLE I. 
Food Consumption of Experimental Animals. 
Average 
Litter. | Rat No. Diet. = 
tion. 
gm. 
A 842 Basal* + cystine. 9.6 
a + “ 11.6 
843 -— 9.9 
ey + “ ll 4 
844 _ 9.5 
a 10.7 
846 ‘‘* + disulfide acid. 7.5 
ae i _ “ “ 7 9 
“tT + 7 “ + cystine. 9.6 
847 tx + “ “ 8.0 
ms oe “ “ 8.9 
“tT + ss “ + cystine. 9.7 
848 — = . " 6.6 
i + “ “ 7.7 
oh i 2 - “ + cystine. 9.3 
B 863 Basalt + cystine. 11.6 
864 7 oh CF 12.6 
865 "T 8.7 
866 " 7.6 
867 ‘+  -+ disulfide acid. 7.0 
868 “— oa “ “ 6.8 
869 ss a “ “ 6.6 
870 7“ a “ “ 7.4 














* Basal diet contained 16.66 per cent of whole milk powder. 
t Basal diet contained 12.0 per cent of whole milk powder. 


incapable of serving in place of cystine. Indeed, the rats which 
received the synthetic compound made less satisfactory gains and 
consumed less food than did their litter mates upon the basal diet 
without added cystine (cf. Table I). This observation is in 
accord with results of previous experiments involving the use of 
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dithiodiglycollic and 8-dithiodipropionic acids (cf. Westerman and 
Rose, 1927). Inasmuch as the basal diet without added cystine 
and the diet containing the disulfide acid both proved to be in- 
adequate for growth, the differences in food intake under the two 
conditions may have been due to the taste of the synthetic com- 
pound. On the other hand, the addition of 0.2 per cent of cystine 
to the food containing the disulfide acid was followed immediately 
by the rapid growth of the animals accompanied by an increased 
food intake (see Chart I and Table I; Rats 846, 847, and 848). 
Evidently the synthetic compound prevented neither growth nor 
the consumption of sufficient food when the cystine deficiency was 
terminated. It should be pointed out also that despite differences 
in food intake, the rats upon the higher level of disulfide acid 
(Chart II) actually ingested amounts of this material which were 
more than equivalent to the quantities of cystine consumed by 
their litter mates. Thus the unsatisfactory growth of the former 
is not to be attributed to an insufficient intake of the synthetic 
compound. 

The inability of a-dihydroxy-$-dithiodipropionic acid to replace 
cystine in metabolism is an interesting contrast to the ready 
substitution of dl-8-4-imidazole lactic acid for histidine. McGinty, 
Lewis, and Marvel (1924-25) have shown that a-hydroxy-e 
amino-caproic acid is incapable of serving for lysine; and more 
recently Jackson (1927) has reported that /-8-3-indole lactic acid 
does not induce growth when added to a diet deficient in trypto- 
phane. Apparently, histidine is the only one of the four amino 
acids known to be essential which can be replaced for growth 
purposes by the corresponding hydroxy acid. This difference 
may be due to the total inability of the organism to synthesize 
lysine, tryptophane, and cystine from the corresponding hydroxy 
acids; or the syntheses may occur but at rates too slow to meet 
the demands of growth. We have experiments planned which we 
hope will further elucidate this point. 


SUMMARY. 


Synthetic a-dihydroxy-6-dithiodipropionic acid is incapable of 
replacing cystine of the diet for purposes of growth. Either the 
amino acid cannot be formed from the corresponding hydroxy acid 
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under the conditions of our experiments, or its synthesis is not 
sufficiently rapid to meet the growth requirements of the organism. 
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THE OXIDATION OF DISULFIDE ACIDS IN THE ANIMAL 
ORGANISM. 


By BEULAH D. WESTERMAN* anp WILLIAM C. ROSE. 


(From the Laboratory of Physiological Chemistry, University of Illinois, 
Urbana.) 


(Received for publication, July 16, 1928.) 


Inasmuch as dithiodiglycollic, $-dithiodipropionic, and a- 
dihydroxy-8-dithiodipropionic acids cannot serve in place of cys- 
tine for the growth of rats (Westerman and Rose, 1927, 1928), 
it seemed of interest to determine whether the compounds in 
question can undergo oxidation in the animal organism. As far 
as we are aware, the fate of the above disulfide acids has not 
been investigated hitherto. Indeed, the literature affords com- 
paratively littie information concerning just what types of sulfur 
compounds may be oxidized in the body. Wolf and Osterberg 
(1912) and others have shown that the sulfur of cystine is almost 
completely transformed to sulfuric acid, and reappears as sulfates 
in the urine. Likewise cysteine is readily burned (Dakin, 1913; 
Sherwin, Shipie, and Rose, 1927), as are other aliphatic mercapto 
compounds (Hill and Lewis, 1924). On the contrary, organic 
sulfides (Hill and Lewis, 1924), sulfonic acids such as taurine, 
cysteic acid, and isethionic acid (Schmidt and Clark, 1922), and 
certain other sulfur compounds, notably thiopyrimidines (Steudel, 
1903) and thiourea (Masuda, 1910), are oxidized with difficulty, 
if at all. According to Lewis (1924), “it appears that of the 
various types of sulfur linkages investigated, only mercapto 
groups or such others as may be hydrolyzed (thiourethane) or 
reduced (cystine) to form this group are readily oxidized in the 
organism.”’ Since our three acids are capable of yielding mercapto 


* The experimental data in this paper are taken from a thesis submitted 
by Beulah D. Westerman in partial fulfilment of the requirements for the 
degree of Doctor of Philosophy in Physiological Chemistry in the Graduate 
School of the University of Illinois. 
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groups on being reduced, we anticipated that they would undergo 
oxidation with ease. 


EXPERIMENTAL. 


Rabbits were employed as the experimental animals. As in 
the procedure of Hill and Lewis (1924), the daily diet consisted 


TABLE I. 
Oxidation of Dithiodiglycollic Acid. 












































Urine. 
=e Total | Total | Total | — Coe acneumen 
N,. 8. 80-8. SO,-8. S. 
Rabbit 1, male, 2.6 kilos. 

gm. mg mg. mg. | mg. 
1 0.93 | 47.8) 27.2 | 21.3 | 20.6 
2 | 0.94] 51.2) 35.7 | 26.5 | 15.5 
3 |0.94| 49.4) 34.9 | 24.0 | 14.5 
4 | 0.92 | 133.4) 96.7 | 85.1 | 36.7 | 0.25 gm. acid given per os as 

sodium salt. 
5 | 0.90 --7) 93.3 | 81.6 | 36.4 7 - 
6 | 0.90 | 47.6) 36.4 | 29.1 | 11.2 
7 | 0.92 | 59.3! 41.0 | 36.9 | 18 
Rabbit 2, male, 2.4 kilos. 
1 | 0.86| 35.3) 23.4| 8.9 | 11.9 
2 | 0.90 37.5) 23.5 | 9.6) 14.0 
3 | 0.80} 34.3) 20.4 | 11.8 / 13.8 
4 | 0.74 | 112.6) 44.3 | 35.2 | 68.3 | 0.25 gm. acid given subcuta- 
neously as sodium salt. 

5 | 0.81 | 117.0) 47.1 | 37.6 | 69.9 ” “ 
6 | 0.86 41.9) 24.8 | 16.5 | 17.1 
7 | 0.89 52.0) 34.0 | 24.9 | 18.0 





























of 150 ce. of milk, 10 gm. of sucrose, 10 gm. of hay, and water 
ad libitum. The animals consumed the diet readily and com- 
pletely, and in all cases maintained their body weights very con- 
stantly. The basal ration was administered for several days pre- 
ceding the beginning of each experiment in order to establish 
nitrogen equilibrium. The urines were collected at 24 hour inter- 
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vals by gentle pressure upon the abdomen. Total sulfur was 
determined by Denis’ (1910) modification of Benedict’s (1909) 
procedure. Total and inorganic sulfates were estimated according 
to the Folin (1905-06) methods. ‘Total nitrogen determinations 












































TABLE II. 
Oxidation of B-Dithiodipropionic Acid. 
Urine. 
Day. ince Remarks. 
Rabbit 3, male, 2.3 kilos. 
gm. mg. | mg. | mg. mg. 

1 | 0.82 41.9) 28.5) 17.1) 12.4 

2 | 0.76 | 48.4; 30.0) 19.5) 13.4 

3 |0.76| 47.1] 26.0 20.8| 21.1 

4 |0.75| 49.4) 34.3) 25.5) 15.1 

5 | 0.81 | 191.5] 118.0} 102.5) 73.5) 0.5 gm. acid given per os as 

sodium salt. 

6 | 0.84 | 189.5) 84.7) 74.1) 54.8 “i - 
7 |0.55| 90.8 49.8) 46.9} 40.9 

8 | 0.82 53.1 epee 28.1; 10.8 

9 | 0.91 52.9 34.0) 26.8) 18.8 

Rabbit 4, male, 2.3 kilos. 

1 | 1.34] 80.9] 62.2| 49.0] 27.7 

2 | 0.94] 61.5) 40.2) 32.8) 21.3 

3 | 1.01 62.5) 44.3) 33.8) 18.2 

4 | 1.06 | 210.4) 117.0) 110.5) 93.4) 0.5 gm. acid given per os as 

sodium salt. 

5 | 0.98 | 209.2) 129.9) 124.2) 78.3 ag 
6 | 0.95 | 65.7) 46.5) 32.9) 19.2 

7 |0.96| 76.5) 52.3) 36.4) 24.2 

8 | 1.00| 76.0} 53.9) 43.5) 22.1 




















were made daily in order to exclude the possibility of an ex- 
aggerated protein catabolism which might contribute an in- 
creased sulfur excretion. For this purpose the Scales and Harrison 
(1920) modification of the Kjeldahl procedure was employed. 

The results of the individual experiments are presented in 
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Tables I to III. In Table IV the data are summarized, and cal- 
culations are made of the percentage of oxidation of the three 
disulfide acids. As will be observed, each of the compounds led 
to an increased output of sulfate sulfur. Calculations show that 
following the oral administration of 0.25 gm. of dithiodiglycollic 
acid on 2 succeeding days, approximately 78 per cent of the sulfur 


TABLE IIl. 
Oxidation of a-Dihydrexy-8-Dithiodipropionic Acid. 























Urine. 
Day. I de Remarks. 
r Total | T nor- | Unoxi- 
Total | ota Se. | ganic dised 
} 
Rabbit 5, male, 1.8 kilos. 

gm. mg. mg. | mg. mg. 
1 0.74 | 43.7 | 31.0 | 19.5 | 12.7 
2 0.71 | 33.6 | 21.0 | 14.4 | 12.6 
3 0.77 | 39.6 | 24.5 | 13.3 | 15.1 
4 | 0.73 | 73.9 | 50.8 | 37.7 | 23.1 | 0.25 gm. acid given per os as 


sodium salt. 
5 | 0.73 | 76.5 | 43.7 | 34. “ sad 
6 | 0.72 | 49.4 | 28.2 | 20.8 


7 | 0.81 | 60.8 | 35.0 | 24. 
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1 | 0.68 | 25.4] 13.3] 8.2| 12.1 

2 | 0.71 | 23.5] 16.5 | 11.0] 7.0 

3 | 0.68 | 20.6 15.8 | 6.6) 4.8 

4 | 0.71 | 58.5 | 22.2 | 12.5 | 36.3 | 0.25 gm. acid given subcutane- 
| ously as sodium salt. 

5 | 0.76 | 84.5 | 29.3 | 27.8 | 55.2 "= a 

6 | 0.76 | 34.5 | 20.4} 16.9 | 14.1 

7 | 0.73 | 32.9] 15.4) 8.2| 17.5 | 





was oxidized. Subcutaneous administration resulted in the 
oxidation of about 34 per cent. Perhaps the higher figure under 
the former condition may have been due to a less rapid ab- 
sorption with greater opportunity for oxidation, or to the aid of 
bacterial action in the intestine. 

Two experiments involving the oral administration on 2 suc- 
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ceeding days of 0.5 gm. doses of 8-dithiodipropionic acid show 
that about 56 and 51 per cent respectively of the sulfur re- 
appeared in the urines as sulfates. Evidently this compound, like 
dithiodiglycollic acid, is quite readily burned in the organism. 
The results of the two experiments with a-dihydroxy-§-dithio- 
dipropionic acid show that following the oral and subcutaneous 
administration of this disulfide approximately 42 and 20 per cent 
respectively were oxidized as measured by the increase in output 
of sulfates. These are somewhat lower values than were secured 





























TABLE IV. 
Percentage Oxidation of Disulfide Acids. 
. RIL 
a | 3 2% | e% — 
° an O46 on a =] 
Compound. % 2 = 8% i 55 
a | #2 | 92/68] 2 | $3 
2 | 8s | Ss | ds | 2 | 38 
< n ES } rs < 
gm. mg. mg. mg. | mg. | per cent 
Dithiodiglycollic acid (per os)....| 0.5 | 176.0) 228.2) 365.2) 137.0) 77.8 
” “  (subcuta- 
Ts 4s acne Bice diceoree tek eb 0.5 | 176.0) 157.0) 217.5) 60.5) 34.3 
8-Dithiodipropionic acid (per os).| 1.0 305 .0) 267.3) 437.6) 170.3) 55.8 
- = = s 1.0 | 305.0) 391 .2| 546.3) 155.1) 50.9 
a-Dihydroxy-8-dithiodipropionic 
NN in a dahon end pate ie 0.5 | 132.4) 178.5) 234.2) 55.7| 42.1 
a-Dihydroxy-8-dithiodipropionic | 
acid (subcutaneously).......... 0.5 | 132.4 106.4 132.9} 26.5) 20.0 





* Calculated from the output of total SO,-S during the days preceding 
the administration of the disulfide acid. 


with dithiodiglycollic acid and -dithiodipropionic acid. On the 
other hand, the total recovery of administered sulfur was less 
with a-dihydroxy-§-dithiodipropionic acid than with either of the 
other two compounds. Whether this indicates that part of the 
hydroxy acid was utilized by the organism is not evident. The 
fact in which we are particularly interested at the present time is 
that all three of our synthetic disulfide acids undergo appre- 
ciable oxidation in the animal body despite their inability to 
replace cystine for purposes of growth. 
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SUMMARY. 


Experiments have shown that although dithiodiglycollic acid, 
6-dithiodipropionic acid, and a-dihydroxy-8-dithiodipropionie 
acid cannot replace cystine for the growth of rats, the compounds 
in question readily undergo oxidation when administered orally 
or subcutaneously to rabbits. 
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SOME RECENT DETERMINATIONS OF ASPARTIC AND 
GLUTAMIC ACIDS IN VARIOUS PROTEINS.* 


By D. BREESE JONES anp OTTO MOELLER. 


(From the Protein and Nutrition Division, Bureau of Chemistry and Soils, 
United States Department of Agriculture, Washington.) 


(Received for publication, July 5, 1928.) 


The importance of having as accurate data as possible regarding 
the quantities of the different amino acids yielded by proteins on 
hydrolysis is so generally recognized as to need here no special 
emphasis. Our knowledge of the amino acid content, however, 
even of the best known proteins is very incomplete and inadequate, 
with the exception of a few cases in which recently developed 
methods of analyses have been applied. 

In an attempt to locate the sources of loss when analyzing the 
products of protein hydrolysis by the ester method of Emil Fischer, 
Osborne and Jones (1) were able to recover only 66.2 per cent of 
the amino acids originally present in an artificial mixture of pure 
amino acids. after the mixture had been subjected to the same 
procedure as employed in the hydrolysis and analysis of proteins 
by the ester method. Only 42.5 per cent of the aspartic acid was 
recovered, and 69.4 per cent of the glutamic acid. Experience 
with recent methods for the determination of these amino acids 
has shown that the actual percentages of aspartic and glutamic 
acids in many proteins are far higher than those recorded for 
them in the literature even after corrections have been made on 
the basis of the percentage recoveries recorded by Osborne and 
Jones. 

Most of these reported percentages were obtained by the ester 
method, and the amino acids were isolated from the high boiling 
fractions of the distilled esters, and from the distillation residues. 


* A preliminary report of this work was presented at the twenty-first 
annual meeting of the American Society of Biological Chemists held in 
Rochester, April 14-16, 1927. 
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The ester method involved severe losses due largely to incomplete 
esterification, decomposition of the esters during their prepara- 
tion and distillation, and the formation of mixtures containing 
amino acids which could not be separated. A loss of glutamic 
acid unappreciated at that time frequently occurred as a result 
of the conversion of this amino acid into pyrrolidonecarboxylic 
acid yielding sirupy products that could not be identified, and 
which were usually discarded. These sirups furthermore made it 
very difficult to isolate the aspartic acid that was usually present 
in these fractions, thus accounting for another source of loss of 
that amino acid. 

In many cases, however, the greater part of the glutamic acid 
was isolated directly as the hydrochloride before esterification, 
by saturation of the protein hydrolysate with hydrochloric acid 
gas. The remaining portion of the glutamic acid, which escaped 
separation as the hydrochloride, was subsequently incompletely 
recovered from the high boiling fractions of the esters. Under 
these circumstances only a small portion of the glutamic acid 
present in the protein was subjected to the losses involved in the 
analysis by the Fischer ester method. All the aspartic acid pres- 
ent, on the other hand, was subjected to these losses, since it was 
obtained entirely from the distilled esters. For this reason, the 
percentages given in the literature for glutamic acid in most 
proteins represent more nearly the quantities actually present 
than those given for aspartic acid. This accounts for the fact 
that the differences between the old figures and those obtained by 
more recent methods of analysis are much greater for aspartic 
acid than for glutamic acid. 

In 1914, Foreman (2) showed that the dicarboxylic amino acids 
could be practically quantitatively separated as a group from most 
of the other products in protein hydrolysates by precipitation of 
their calcium salts with alcohol. The same method in which the 
barium salts were used (3, 4) has been later successfully applied. 
In the three or four cases where this method has already been 
applied much higher percentages of aspartic and glutamic acids 
have been isolated than were formerly obtained by the ester 
method. 

The work described in this paper was undertaken with the view 
of obtaining by the use of the more recently developed methods of 
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analysis more accurate information regarding the percentages of 
these amino acids in several important proteins. To this end 
attention has been given particularly to the conditions and se- 
quence of the various analytical procedures involved that would 
give the most satisfactory results. 

Some thirteen proteins, representative of important food pro- 
teins and also of different classes of proteins, have been analyzed. 
In every case the percentages found for aspartic acid in the differ- 
ent proteins analyzed are higher than those previously recorded 
and obtained by the ester method. Many of the figures are 
several times higher, that for lactalbumin exceeding the old figure 
by 900 per cent. It is of interest to note that the 10 per cent of 
aspartic acid isolated from edestin is the highest ever recorded for 
that amino acid in any protein. The increases over the old figures 
for glutamic acid, although quite significant, are not so striking 
as those for aspartic acid. 

Although the procedure and sequence of operations described 
in the analysis of edestin usually gave the best results, it was 
found, however, that they had to be varied more or less with 
different proteins. In the case of proteins containing high per- 
centages of glutamic acid it is preferable to remove as much as 
possible of this amino acid as the hydrochloride before precipita- 
tion of the calcium or barium salts. 

It was found more advantageous to precipitate the dicarboxylic 
amino acids as their barium salts than as the calcium salts. With 
the barium salts the precipitation is more complete, excess of the 
reagent is more easily removed, and pure barium hydroxide is 
more available than pure lime. 

The barium salts of the dicarboxylic amino acids are practically 
quantitatively precipitated by pouring their aqueous solution 
into 5 volumes of 95 per cent alcohol. Varying amounts of other 
amino acids may also be precipitated, notably tyrosine, glycine, 
and diamino acids. When the precipitated barium salts are 
dissolved in water and reprecipitated with 2 volumes of alcohol, 
the salts of the dicarboxylic amino acids separate almost com- 
pletely, while most of the other material remains in solution. In 
some cases even a third precipitation may be advisable. 

Solutions of the amino acids were concentrated by distillation 
at reduced pressure at temperatures not above 50°. The use of 
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higher temperatures was avoided as far as possible so as to reduce 
to a minimum the conversion of glutamic acid to pyrrolidone- 
carboxylic acid. Even with such precautions the conversion 
occurred in some cases to a considerable extent. 

The percentage of water of crystallization in many of the prep- 
arations of air-dried copper aspartate varied from the 43 mole- 


TABLE I. 
Aspartic and Glutamic Acids in Various Proteins. 











Aspartic acid. Glutamic acid. 
Protein. Deter- Deter- Deter- Deter- 
mined by | mined by | mined by | mined by 
recent ester recent ester 
methods. | method. methods. method. 
per cent per cent per cent per cent 
Glycinin (soy bean)............... 9.4 3.9 18.5 19.5 
Edestin (hemp seed).............. 10.2 4.5 19.2 18.7 
Ovalbumin (hen’s eggs)........... 6.2 2.2 13.3 9.1 
ET ons ccvectasewcemewn 9.3 1.0 12.9 10.1 
Stizolobin (velvet bean)*.......... 9.2 5.7 14.6 
Fish muscle (halibut)............. 8.0 2.7 13.7 10.1 
NN rT ere rere 5.9 4.5 13.4 15.5 
ELLE Ee 7.0 15.0 
NE ca caneaaceauews 0.8 0.6 43.0 43.7 
Ne kins eee aaan 2.0 0.9 25.7 23.4 
Arachin (peanut)...........esese0: 5.6 3.8 19.5 16.7 
I IN sc sicccseeccsanw ee 2.3 0.6 21.2 
Locust bark albumin*............. et 4.5 
a ce ea i eceiied 3.4 1.2 5.8 1.7 
i a ae ae Se le Se 1.8 1.7 31.3 26.2 
Re ge TPS LAS eto ae a ea 4.1 1.4 21.0 15.6 

















* Although the figures for these proteins have appeared in previous 
publications from this laboratory, they are included in this table because 
they were determined for the greater part by the newer methods. 

+ The figures for gelatin, zein, and casein given in the columns under 
‘“‘Determined by recent methods”’ are those of Dakin (3, 10, 11). 


cules usually given in the literature for this salt. All analyses of 
copper aspartate, therefore, were made on the anhydrous salt, 
prepared by heating the air-dried product in vacuo (about 20 mm.) 
over phosphorus pentoxide for from 2 to 3 hours at 125°. 

The proteins analyzed were especially prepared and purified. 
The percentages of aspartic and glutamic acids reported represent 
quantities isolated, the purity of which was definitely established. 








are 

moi 
the 

few 
put 
(6), 
of t 
the 
me’ 
obt 
nev 
for 

tab 
for 


anc 
sat 
of 

the 


20 
the 


by 








D. B. Jones and O. Moeller 433 


The results of these analyses are summarized in Table I. There 
are also given for comparison the highest, and what seems the 
most reliable percentages that had been previously obtained for 
the same proteins by the Emil Fischer method. Figures for a 
few other proteins which have been already reported in previous 
publications from this laboratory (lactalbumin (5), shrimp muscle 
(6), kafirin (7), locust bark albumin (8), and stizolobin, the globulin 
of the Chinese velvet bean (9)), are here brought together because 
the percentages given were obtained by practically the same 
methods as those just described. The figures more recently 
obtained by Dakin for gelatin (3), zein (10), and casein (11) by 
newly developed methods are also incorporated in Table I, both 
for comparison with the older figures, and also to assemble in one 
table the most recent, and we believe the most accurate, figures 
for these two amino acids in the proteins that are listed. 


EXPERIMENTAL. 


Experience gained from numerous determinations of aspartic 
and glutamic acids in proteins leads us to regard as the most 
satisfactory the general analytical procedure described in the case 
of edestin. The description of the analysis of this protein is, 
therefore, given somewhat in detail. 

The hydrolyses were conducted, except as otherwise stated, 
by first heating 50 gm. of the air-dried proteins with 200 cc. of 
20 per cent hydrochloric acid on a steam bath until nearly all of 
the protein had dissolved. The hydrolyses were then continued 
by boiling the solutions in an oil bath for 30 to 36 hours. 


Edestin. 


Ether-extracted hemp seed meal was extracted with 5 per cent 
sodium chloride solution at 65°, and the mixture filtered while 
warm. The crystalline edestin that separated on cooling was 
twice recrystallized. It contained 4.70 per cent moisture, 0.12 
per cent ash, and 18.84 per cent nitrogen.' 

Precipitation of Bases.—After hydrolysis, the suspended humin 
was filtered off on asbestos that had been previously thoroughly 


1 The percentages of nitrogen given in this paper for the proteins are 
calculated on an ash- and moisture-free basis. 
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digested with concentrated hydrochloric acid, and the dark solu- 
tion was concentrated to a thick sirup under reduced pressure at 
a temperature not over 50° in order to remove as much as possible 
of the hydrochloric acid. The diamino acids were removed by 
precipitation with phosphotungstic acid. The precipitation and 
washing of the phosphotungstate precipitate were carried out in 
the manner usually followed in the Van Slyke method of analysis. 

The filtrate from the phosphotungstate precipitate was freed 
from phosphotungstic acid by shaking with a mixture of equal 
volumes of amyl alcohol and ether, and the nearly colorless, 
aqueous solution of monoamino acids was concentrated to a thick 
sirup. 

Precipitation of Barium Salts.—The sirupy residue was dissolved 
in 300 cc. of water, and moist, recrystallized barium hydroxide 
was added to the cooled solution until it was slightly alkaline to 
litmus. A small amount of brown, humin-like material separated. 
This was filtered off and washed several times with hot water. 
Barium hydroxide was then added to the solution until a small 
amount remained undissolved after shaking for a few minutes. 
The solution of barium salts (600 cc.) was poured with stirring 
into 5 times its volume of 95 per cent alcohol, and the mixture 
allowed to stand for 2 days. 

The precipitated barium salts were washed with 95 per cent 
alcohol, then redissolved in 350 cc. of water and reprecipitated 
with 400 cc. of 95 per cent alcohol (1.14 volumes). After standing 
overnight in an ice box, the precipitate was filtered off by suction. 
Further addition of alcohol to the filtrate produced only a slight 
turbidity and on long standing (9 weeks) a light precipitate gradu- 
ally settled. This product yielded, after quantitative removal of 
barium and chlorine, 1.19 gm. of tyrosine and 0.22 gm. of glu- 
tamic acid. 

The alcoholic filtrate from the last small precipitate of barium 
salts was examined in order to ascertain how completely the di- 
carboxylic acids had separated by the second precipitation of 
barium salts, and also to learn what other amino acids had been 
precipitated by the first addition of the 5 volumes of alcohol. 
After quantitative removal of barium, and chlorine, the solution 
yielded 2.48 gm. of a solid, semicrystalline residue. Its aqueous 
solution was very slightly alkaline to litmus. It tasted sweet 
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and gave a strong Millon’s test for tyrosine. Examination of this 
material by the carbamate method of Kingston and Shryver (4) 
showed that the greater part of the material was glycine. The 
second precipitation of the barium salts with a little more than 
an equal volume of 95 per cent alcohol, therefore, precipitated 
nearly all of the dicarboxylic acids, while most of the tyrosine and 
glycine, and a small quantity of bases that had been precipitated 
with the dicarboxylic acids by the first precipitation of barium 
salts, remained in solution. 


Separation of Glutamic Acid. 


The main precipitate of barium salts was decomposed with a 
slight excess of sulfuric acid, and the filtrate and washings from 
the barium sulfate were concentrated to about 800 cc. After 
quantitative removal of sulfuric acid the solution was evaporated 
to a small volume and saturated with hydrochloric acid gas. 
There was obtained in the usual way 7.91 gm. of pure glutamic 
acid hydrochloride. This together with the free acid obtained 
from the alcoholic filtrate from barium salts, and from the filtrate 
from the copper aspartate amounted to 9.12 gm. of glutamic acid, 
or 19.2 per cent of the edestin. 


Separation of Aspartic Acid. 


The filtrate and washings from the glutamic acid hydrochloride 
were concentrated to a sirup, in order to remove as much as possi- 
ble of free hydrochloric acid. The remainder of the chlorine was 
removed by shaking the solution with an excess of silver sulfate. 
The solution yielded on evaporation a dry residue, none of which 
was soluble in glacial acetic acid. 

The sirupy material usually associated with aspartic and glu- 
tamic acids at this stage of the analysis consists almost entirely of 
hydroxyglutamic acid and pyrrolidonecarboxylic acid, both of 
which are soluble in glacial acetic acid. The fact that this frac- 
tion of amino acids contained no acetic acid-soluble material 
demonstrates the absence of hydroxyglutamic acid in edestin. 
This is in accord with the results reported by Osborne, Leaven- 
worth, and Nolan (12). 
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The dry residue of amino acids was dissolved in water, and the 
solution boiled with copper carbonate. The copper aspartate 
which separated in the characteristic crystalline form was washed 
several times with cold water. The air-dried copper salt weighed 
9.91 gm. A further small quantity (0.14 gm.) was obtained from 
the filtrate. It contained 23.17 per cent of copper (calculated 
with 43 molecules of water, 23.07 per cent), and on heating at 125° 
and 25 mm. pressure lost water corresponding to 43 molecules. 
The free aspartic acid obtained by decomposing the copper salt 
with hydrogen sulfide behaved in the characteristic way on heat- 
ing. It turned red but did not melt up to 300°. It contained 
36.10 per cent carbon and 5.75 per cent hydrogen (calculated, 
C 36.07, H 5.30). The total amount of copper aspartate obtained 
corresponded to 4.85 gm. of aspartic acid, or 10.2 per cent of the 
edestin. 

The filtrate from the copper aspartate after the removal of 
copper yielded by fractional crystallization 2.56 gm. of glutamic 
acid. The final filtrate which contained less than a gm. of solid 
material gave a strong Millon test for tyrosine. 


Ovalbumin. 


The ovalbumin was prepared from the whites of fresh hen’s 
eggs according to the method described by Osborne and Camp- 
bell (13). It was twice recrystallized and consisted entirely of 
aggregates of small needles. The ovalbumin crystals were dis- 
solved in a small quantity of water, and the protein was coagulated 
by pouring the solution into a large volume of boiling water. After 
being boiled for 15 minutes the coagulum was washed free from 
sulfates and dried with alcohol and ether in the usual way. The 
air-dried product contained 6.28 per cent of moisture, 0.11 per 
cent of ash, and 15.16 per cent of nitrogen. 

The protein was hydrolyzed, and the diamino acids were 
removed as described in the case of edestin. A quantity (4.26 gm.) 
of glutamic acid was removed as the hydrochloride before precipi- 
tation of the barium salts. The barium salts of the dicarboxylic 
amino acid fraction were twice precipitated, first by addition of 
5 volumes of alcohol, and then with 2 volumes. This fraction 
yielded no material soluble in glacial acetic acid, thus showing 
the absence of hydroxyglutamic acid in ovalbumin. 
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The alcoholic filtrate from the first precipitation of barium salts 
yielded 0.25 gm. of tyrosine and 0.63 gm. of glutamic acid. The 
filtrate from the second precipitation contained only a negligible 
amount of material. From the precipitated barium salts were 
obtained 2.91 gm. of aspartic acid, and 1.32 gm. of glutamic acid. 

Altogether there were isolated 6.21 gm. of glutamic acid and 
2.91 gm. of aspartic acid, equivalent, respectively, to 13.3 and 6.2 
per cent of the ovalbumin. 


Ox Muscle. 


The material used for this analysis was obtained from a piece 
of lean, round steak. It was ground in a meat chopper and 
extracted successively, twice with distilled water, once with 50 
per cent alcohol, and then with 95 per cent alcohol. After stand- 
ing for 2 days in absolute alcohol, it was extracted with ether. 
The air-dried, nearly white material thus prepared contained 
10.24 per cent of moisture, 0.33 per cent of ash, and 16.20 per 
cent of nitrogen. 

The material was hydrolyzed, the diamino acids were removed, 
and the solution saturated with hydrochloric acid gas. There 
were obtained 3.49 gm. of glutamic acid hydrochloride. The 
barium salts of the remaining dicarboxylic amino acids yielded 
8 gm. of amino acids insoluble in acetic acid, from which were 
obtained 2.62 gm. of aspartic acid, and 3.22 gm. of glutamic acid. 

The total quantities of aspartic and glutamic acids isolated 
amounted, respectively, to 5.9 and 13.4 per cent. 


Fish Muscle. 


The skin, bones, and larger pieces of connective tissue were 
carefully removed from fresh halibut (Hippoglossus hippoglossus). 
The muscle was ground and extracted with water, alcohol, and 
ether as described in the case of ox muscle. The product con- 
tained 10.33 per cent of moisture, 0.77 per cent of ash, and 16.51 
per cent of nitrogen. 

The hydrolysis, precipitation of the bases, and removal of part 
of the glutamic acid (3.29 gm.) as the hydrochloride before pre- 
cipitation of the calcium salts, were carried out as in the case 
of ox muscle. The dicarboxylic amino acids were then precipi- 
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tated as the calcium salts according to the method described by 
Foreman (2). The calcium was removed quantitatively with 
oxalic acid, the solution of amino acids freed from chlorine with 
silver sulfate, and concentrated to a small volume under reduced 
pressure. The residue was finally dried in vacuo over calcium 
chloride and triturated with glacial acetic acid until all soluble 
material had been removed. The insoluble portion (10 gm.) 
yielded in the usual way 3.54 gm. of aspartic acid and 1.03 gm. of 
glutamic acid. 

Notwithstanding the precautions taken, as already referred to, 
to avoid conversion of glutamic acid to pyrrolidonecarboxylic 
acid, an appreciable quantity of the sirupy pyrrolidone compound 
was formed. Hydrolysis of this product by boiling with 25 per 
cent hydrochloric acid for 30 hours made possible, however, the 
recovery of 1.55 gm. of glutamic acid. There was also isolated 
0.21 gm. of glutamic acid from the alcoholic filtrate from the 
calcium salts. All told, 6.08 gm. of glutamic acid and 3.54 gm. 
of aspartic acid were obtained, equivalent, respectively, to 13.7 
and 8.0 per cent. 

Arachin. 


The arachin was first precipitated from a 10 per cent sodium 
chloride extract of finely ground, pressed Virginia peanuts by 
addition of ammonium sulfate to 30 per cent of saturation. The 
precipitate was dissolved by addition of water and reprecipitated 
by dialysis. After being washed and dried in the usual way, the 
protein contained 5.22 per cent moisture, 0.36 per cent ash, and 
18.3 per cent nitrogen. 

After removal of the diamino acids from the arachin hydrolysate, 
6.83 gm. of glutamic acid were removed as the hydrochloride. 
The remainder of the dicarboxylic amino acids was precipitated as 
their barium salts. The free amino acids regenerated from the 
barium salts yielded 6.79 gm. of material insoluble in acetic acid, 
from which were isolated 2.64 gm. of aspartic acid. 

The sirupy product dissolved by the acetic acid was boiled for 
24 hours with 20 per cent hydrochloric acid. By precipitation of 
the barium salts 2.4 gm. of glutamic acid were recovered from 
this fraction in the usual way. 

The total quantities of aspartic and glutamic acids isolated 
amounted, respectively, to 5.6 and 19.5 per cent of the arachin. 
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Glutenin. 


Gluten, prepared by washing out the starch from a well known 
brand of wheat flour, was dried and the gliadin largely removed 
by extraction with 0.07 N acetic acid according to the method of 
Blish and Sandstedt (14). The residue was exhaustively extracted 
with 70 per cent alcohol, and then extracted with 0.2 per cent 
sodium hydroxide. The glutenin was precipitated by acidifying 
the alkaline extract with hydrochloric acid. It was purified by 
being redissolved in alkali and reprecipitated with acid. The air- 
dried protein contained 4.3 per cent moisture, 0.36 per cent ash, 
and 16.82 per cent nitrogen. 

A quantity (33.3 gm.) of the glutenin equivalent to 31.8 gm. 
of ash- and moisture-free protein was hydrolyzed, and the barium 
salts of the dicarboxylic amino acid fraction were precipitated. 
Three precipitations of the barium salts were made, with use for 
the first precipitation of 5 volumes of alcohol, and 2 volumes for 
the other two. The barium salts yielded 10.17 gm. of amino 
acids insoluble in acetic acid, from which were isolated 8.16 gm. 
of glutamic acid, and 0.65 gm. of aspartic acid, equivalent, 
respectively, to 25.7 and 2.0 per cent of the glutenin hydrolyzed. 


Gliadin. 


Gliadin was prepared by extracting wheat gluten with 70 per 
cent alcohol, and pouring the clear alcoholic extract into several 
volumes of water containing a small quantity of lithium chloride. 
The precipitated protein was purified by two successive precipita- 
tions with absolute alcohol. After being dried in the usual way, 
it contained 6.79 per cent moisture, 0.19 per cent ash, and 17.87 
per cent nitrogen. 

Three separate hydrolyses were made of different lots (Lots 
A, B, and C) of gliadin containing quantities equivalent to 46.5, 
46.5, and 272.5 gm., respectively, of ash- and moisture-free protein. 
After hydrolysis of Lot A the dicarboxylic acid fraction was pre- 
cipitated as the calcium salts, and the solution of the regenerated 
amino acids saturated with hydrochloric acid gas and as much 
glutamic acid hydrochloride removed as possible. The subse- 
quent procedure was carried out in the usual order, removal of 
the fraction soluble in acetic acid, separation of aspartic acid as 
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the copper salt, and of the remaining glutamic acid by fractional 
crystallization. The same procedure was followed in the analysis 
of Lot B, with the exception that barium hydroxide was used 
instead of calcium hydroxide. In the case of Lot C, as much glu- 
tamic acid as possible was removed as the hydrochloride directly 
after hydrolysis. The remainder of the dicarboxylic amino acids 
was precipitated as the barium salts. The quantity of diamino 
acids in gliadin is so small that the precipitation with phospho- 
tungstic acid was considered unnecessary. 

The analyses gave the following percentage results: Glutamic 
acid:? Lot A, 41; Lot B, 41.15; Lot C, 40.69. Aspartic acid: 
Lot A, 0.77; Lot B, 0.57; Lot C, 0.64. 

Each lot yielded considerable material soluble in acetic acid, 
which, for the greater part, doubtless consisted of hydroxyglu- 
tamic acid. The presence of this amino acid in gliadin has been 
previously demonstrated by Dakin (15). 


Glycinin. 


The glycinin was prepared from ground yellow soy beans as 
described by Osborne and Campbell (16). The preparation had 
the following percentage composition: ash, 0.83; moisture, 6.68; 
nitrogen, 17.04. 

From the hydrolysate of a quantity of the glycinin equivalent 
to 98.6 gm. of the ash- and moisture-free protein, 14.58 gm. of 
glutamic acid were removed directly as the hydrochloride. The 
diamino acids were then precipitated with phosphotungstic acid, 
and the dicarboxylic amino acids separated as their calcium salts. 
The calcium salts yielded 17.0 gm. of material insoluble in acetic 
acid, from which were isolated 9.26 gm. of aspartic acid, and 3.61 
gm. of glutamic acid. The percentage yields of aspartic and 
glutamic acids were 9.4 and 18.5, respectively. 


SUMMARY. 


The percentages of aspartic and glutamic acids in proteins as 
recorded in the literature are in nearly all cases too low, with the 


2 Since the work described in this paper was completed, 43.0 per cent 
of glutamic acid has been isolated from gliadin by Russell Wilson of this 
laboratory in a special study of the dicarboxylic amino acids of this protein. 
This is in close agreement with the percentage previously found by Osborne 
and Guest (17). 
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exception of those for three or four proteins which have been 
recently analyzed by newly developed methods. Particularly is 
this true for aspartic acid. New determinations of these amino 
acids have been made in a number of typical proteins, and invari- 
ably higher results for aspartic acid were obtained than those 
previously obtained by the ester method. In several cases from 
4 to 9 times as much was found. In the case of glutamic acid 
such wide differences were not found, especially in those cases 
where the old figures had been obtained chiefly by the separation 
of glutamic acid hydrochloride directly from the hydrolysates, 
and where the losses attendant upon the ester method of analysis 
were not involved. 
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THE PHYSIOLOGICAL RESPONSE OF RABBITS TO 
INSULIN. 


By MELVILLE SAHYUN anp N. R. BLATHERWICK. 


(From the Chemical Laboratory of the Potter Metabolic Clinic, Santa Barbara 
Cottage Hospital, Santa Barbara.) 


(Received for publication, July 7, 1928.) 


Several papers dealing with the physiological response of rabbits 
to insulin have appeared. It would seem unnecessary to add still 
another were it not for the fact that the data presented in the 
literature are not strictly comparable. This situation is due to the 
large variability in response to insulin shown by rabbits. We 
have in our possession a considerable number of animals whose 
response to the intravenous injection of insulin is known within 
certain well defined limits. These “standard” rabbits have 
afforded a good opportunity of studying certain of the factors 
which influence the sensitivity or, vice versa, the resistance of rabbits 
to insulin. We have compared the response to intravenous, 
subcutaneous, and intraperitoneal injections of insulin, and have 
also investigated some of the interrelations of epinephrine and 
insulin. Further observations on the production of immunity to 
insulin were also made. 


Intravenous, Subcutaneous, and Intraperitoneal Injections of Insulin. 


The purpose of this experimental work on the intravenous, sub- 
cutaneous, and intraperitoneal injections of insulin into standard 
rabbits is to demonstrate clearly that: (1) more insulin is required 
when given intravenously than in the case of either of the other 
methods; (2) the time necessary to produce convulsions is less 
after intravenous injection than after the other two forms; (3) 
and the period of hypoglycemia is longest after subcutaneous and 
shortest after intravenous injections. 

In this experiment seventeen of our standard rabbits which had 
been used for insulin standardization were selected. Some of 
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these had been used for this purpose for over 3 years. Their 
seasonal variation is not very large. Nevertheless, their intra- 
venous factor of resistance is carefully watched. It is of interest 
to note that whenever the intravenous factor varied, the subcu- 
taneous and the intraperitoneal factors varied also. These 
standard animals, as mentioned elsewhere (1), are kept on a strict 
regimen and given convulsive doses every 7th day. The insulin 

















TABLE I, 
Intravenous, Subcutaneous, and Intraperitoneal Convulsive Doses of Insulin. 
Intravenous injection. Subcutaneous injection. a rr 
Rabbit No. 

Cages Time. Cagetiive Time. Cogvattive hein 

units per kg. min. units per kg. min. units per kg. min. 

26 1.4 95 0.9 150* 0.9 150* 
114 1.3 80 0.5 176 0.5 140 
112 1.2 75 0.6 195 0.5 144 
32 1.2 76 0.6 120 0.7 124 
2 1.0 85 0.4 155 0.5 128 

1 1.0 70 0.5 165 0.5 132 
29 1.0 74 0.7 265 0.7 175 
23 0.8 55 0.4 169 0.4 125 
33 0.8 76 0.5 128 0.5 255 
120 0.8 99 0.6 145 0.6 95 
99 0.7 75 0.6 118 0.6 165 
121 0.6 120* 0.45 180* 0.45 180* 
77 0.6 95 0.4 124 0.4 90 
12 0.55 55 0.25 132 0.25 120 
78 0.5 48 0.3 80 0.3 84 
64 0.5 65 0.5 157 0.5 135 
39 0.45 40 0.15 90 0.2 95 




















* Approximately. 


used for these experiments was Lilly’s U-100, chosen of one 
lot number, and diluted 1:100. Blood was removed from the 
marginal ear vein, and the sugar determinations were made 
according to the method of Folin and Wu. Our comparative 
results for the different forms of injection are found in Table I. 

The rabbits are arranged in order, beginning with the highest 
intravenous factor of resistance. In Table I, the figures were not 
regarded as the lowest convulsive doses until the next lowest 
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doses were tried the following week, and negative results were 
obtained, after which they were checked again. The time for 
convulsion in every case is reported for the last check made, and 
in most cases it proved to be as previously observed. It is plain 
from the data that the intravenous factor exceeds both the sub- 
cutaneous and the intraperitoneal. Only Rabbit 64 gave an 
identical figure of 0.5 unit per kilo in the three cases, but the time 
required for convulsions was different in each case. Rabbit 39 
showed the least resistance to insulin following the different 
forms of its administration. With larger doses of insulin, intra- 
venously injected, it had convulsions in 35 minutes. A com- 
parison between the intravenous and the subcutaneous factors of 
this animal shows that there is a difference of 300 per cent, while 
between the subcutaneous and the intraperitoneal factors the 
difference is negligible. In most instances, the subcutaneous and 
the intraperitoneal factors were practically identical, while the 
variation between these two factors taken as one unit and the 
intravenous factor was large. No definite ratio could be estab- 
lished which would enable one to draw a general conclusion. The 
individual variation of factors, as can be clearly seen, varies so 
much that in order to study this comparison an individual study 
should be made. 

It is, however, worthy of observation that although these 
animals readily respond to insulin, yet they have a tendency, once 
standardized, to respond to subconvulsive doses of insulin in a 
uniform manner as regards the duration and the degree of hypo- 
glycemia. A few of our standard rabbits were chosen at random to 
demonstrate this observation. The conditions were slightly 
altered. After a 24 hour fast, the animals were given very small 
amounts of insulin (U-100 was used and diluted 1:200). An 
initial blood sample was taken from the marginal ear vein, after 
which insulin was injected intravenously. 75 minutes later 
another sample of blood was removed. The rabbit was then 
kept unfed for another 24 hours. The same quantity of insulin 
was injected intravenously and the blood sample, both before and 
75 minutes later, was removed exactly as on the previous day. 
Our results for this experiment are reported in Table II. This 
experiment shows very clearly that standard animals become very 
Sensitive to insulin. 0.1 unit per kilo, injected intravenously, 
lowers the blood sugar appreciably. 
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In the third experiment of this series, three of our standard 
rabbits were chosen to demonstrate the blood sugar curve that 
may be produced after the administration of small amounts of 
insulin. Subminimal convulsive doses of insulin were injected 
intravenously, subcutaneously, and intraperitoneally. Blood 
samples were removed every 15 minutes during the 1st hour after 
each injection and then every half hour for a period of about 5 


TABLE II. 
Hypoglycemia in Standard Rabbits Produced by Intravenous Injection of 
Subconvulsive Doses of Insulin. 























Rebels Date. Weight. | given per oe. nou on | pene 
vO. kg. vuisive sion. 
Initial. | 75 min. ome. 

1927 kg. mg. mg. _ min, 

32 Nov. 7 3.35 0.15 100 83 1.2 76 
os 8 3.35 0.15 103 85 
Dec. 5 3.35 0.3 105 85 
” 6 3.35 0.3 105 77 

33 Nov. 7 3.25 0.15 118 65 0.8 76 
—— 3.25 0.15 114 69 
Dec. 5 3.00 0.3 118 35 
“« 6 3.00 0.3 118 42 

15 Nov. 7 3.25 0.15 108 65 1.2 74 
- £ 3.25 0.15 108 71 
Dec. 5 3.25 0.3 111 65 
- 3.25 0.3 108 70 

2 Nov. 7 3.50 0.15 100 68 1.0 85 
se 3.50 0.15 100 74 
Dec. 5 3.40 0.3 105 50 
or ae 3.40 0.3 111 55 

6 Nov. 9 2.60 0.1 118 59 0.4 53 
= 2.60 0.1 121 60 

















hours. In the case of both the subcutaneous and intraperitoneal 
injections, there was no lowering of blood sugar after the first 
15 minutes, while after the intravenous injection the blood sugar 
fell in the three cases, as shown in Fig. 1. The duration of hypo- 
glycemia was the longest after the subcutaneous injections and 
the shortest after the intravenous injections. Insulin intraperi- 
toneally injected was as effective as when given subcutaneously, 
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but as to the duration of hypoglycemia the results showed an 
intermediary position. 

As an illustration of the constancy of response to insulin in the 
case of standard rabbits, the results with Rabbit 12 are cited. 
53 minutes after the intravenous injection of 0.5 unit per kilo 
the rabbit had a slight convulsion and the lowest blood sugar 
(32 mg. per 100 cc.) was recorded at 92 minutes. 2 weeks later the 
same dose was repeated. The slight convulsion occurred at 51 
minutes and the lowest sugar (30 mg. per 100 ce.) was recorded at 
93 minutes. 

Other items, such as the intravenous, subcutaneous, and intra- 
peritoneal factors of resistance, time for convulsion, elc., are 
reported in Table I. 


Epinephrine and Insulin. 


Our experiments with epinephrine and insulin were planned to 
secure additional evidence in support of the hypothesis that the 
liver glycogen plays an important réle in the resistance of animals 
towards insulin, and that this glycogen is mobilized after the 
injection of insulin. In the foregoing experiments, it was shown 
that a quantity of insulin as low as 0.1 of 1 unit lowers the blood 
sugar appreciably, so that in order to consume the sugar reserve 
in the blood a very small amount of insulin is required. But when 
one encounters the fact that two or three times that quantity, 
and often more, is required to produce convulsions and yet main- 
tain the same low level of blood sugar, one is puzzled and tries 
to find a cause for this increased requirement of insulin. 

In the foregoing experiments, no attempt was made to explain 
the reason or reasons for the difference which exists between the 
response to intravenous and subcutaneous injections. A plausible 
hypothesis which explains these phenomena follows. After the 
intravenous injection of insulin the liver is indirectly stimulated 
by the comparatively large amount of insulin in the blood stream, 
and the agtion of insulin so injected is consequently less powerful 
than when otherwise administered. More glycogen is mobilized 
to counteract its effect, and in order to produce convulsions addi- 
tional insulin must be injected. According to a paper from this 
laboratory (2), Barbour, Chaikoff, MacLeod, and Orr (3), and 
Dudley and Marrian (4), liver glycogen in fasting rabbits exists 
in an average of 0.19 gm. per 100 gm. of liver weight. 
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If A represents the amount of insulin required to lower the 
blood sugar of a rabbit from 100 to 45 mg. per 100 cc. without 
causing convulsions, and A’ represents the entire amount of insulin 
required to produce convulsions, the difference between A’ and 
A is usually several times greater than A itself. Let us call this 
difference B. B seems to us to represent not only that difference 
in amount of insulin which is required to bring about convulsions, 
but to indicate the resistance of animals toward insulin. If all 
preparations of insulin were alike, and the constituents of the 
bodies of different animals were similar, A would be constant. 
Hence, the quantity of insulin required to lower the blood sugar 
from 100 to 45 mg. would be the same in most cases. But it 
seems that it is almost impossible to control all the varying factors 
no matter how careful our standardizations may be or how 
accurate we may be in our determinations. Insulin, though in 
small quantities, seems to excite the liver when injected intra- 
venously, and force it to mobilize some of its glycogen. Were we 
to neglect this small quantity of mobilized glycogen which is 
caused by A, A’ — A, which we have said is equal to B, would 
probably represent also the amount of insulin required to care for 
the glycogen liberated from the liver. Glycogen does not exist 
in equal amounts per 100 gm. of liver weight in all animals, so 
that the amount that might be mobilized when insulin is injected 
isnever the same. It is, therefore, evident that B is not the same 
in all rabbits. It follows, also, assuming that our deduction is 
correct, that resistance in rabbits is different—which is a fact 
known to every insulin worker. 

It remains to be seen whether B could or could not represent 
also the glycogen mobilized to resist the effect of insulin, or, 
reversing it, whether or not most of the resistance in rabbits 
depends upon the amount of liver glycogen mobilized following the 
intravenous injection of insulin. Upon reviewing our experi- 
ments dealing with the intravenous, subcutaneous, and intra- 
peritoneal injection of insulin into rabbits, one observes, first, 
that the subcutaneous and intraperitoneal factors are practically 
identical; second, that although they are practically identical, yet 
the time for convulsion resulting from intraperitoneal injections is 
different from the subcutaneous. These findings would justify 
our assumption that the process by which insulin is absorbed after 
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subcutaneous injections is slower than after the intraperitoneal. 
However, the fact that the quantity is practically identical shows 
that after such injections the mobilization of the liver glycogen is 
not inordinately increased as occurs after the intravenous ad- 
ministration. 

This hypothesis that there is more liver glycogen mobilized 
after intravenous injection of insulin into animals than after other 
forms of parenteral administration, needs further support. Injec- 
tion of epinephrine into animals is known to cause hyperglycemia, 
aside from its various other physiological effects. This hyper- 
glycemia, which persists for several hours, is caused by the 
mobilization of liver glycogen. Part of the sugar thus formed is 
recovered in the urine, and another part is perhaps oxidized, Cori 
and Cori (5). What becomes of the rest of the sugar we do not 
attempt toexplain. What concerns us in this matter is to decrease 
the amount of glycogen reserve in the liver. By so doing, if our 
hypothesis is correct, the resistance in animals towards insulin 
should diminish and the administration of epinephrine should 
permit the production of a hypoglycemia with smaller amounts 
of insulin than would otherwise be required. 

Nine of our standard rabbits were used for this experiment. 
After a 24 hour fast, blood samples were removed for sugar tests. 
Insulin was administered intravenously in very small quantities, 
beginning with 0.1 to 0.2 unit per kilo. 60 to 75 minutes later 
samples of blood were again removed. The injection of such small 
quantities of insulin was meant to produce a noticeable hypo- 
glycemia which could be rendered more so either by increasing 
the quantity of insulin or by other means. These animals were 
then kept in a fasting condition another 24 hours. They were 
further subjected to the same treatment of the day before for 
checking purposes. A 48 hour fast did not render these animals 
more sensitive than a 24 hour fast. Our results are reported in 
Table III. 1 week later the rabbits were fasted for 24 hours and 
then epinephrine was administered subcutaneously in doses of 
2mg. This quantity was given in two doses with an interval of 
1 hour between. Another period of 24 hours of fasting followed 
and then insulin was administered in the same quantities used the 
week before. Samples of blood were removed also in a similar 
manner and at identical intervals. See Table III for results. 
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Effect of Previous Injections of Epinephrine on Hypoglycemia Produced by 
Small Amounts of Insulin. 








3 c 
@ | 3 
se | & 
ko. | per ke. 
3.35] 0.15 
3.35] 0.15 
3.35| 0.25 
3.35) 0.25 
3.25) 0.15 
3.25] 0.15 
3.25) 0.25 
3.25] 0.25 
3 25] 0.15 
3.25) 0.15 
3.25) 0.25 
3.25] 0.25 
| 3.50) 0.15 
3.50) 0.15 
3.50) 0.25 
3.50! 0.25 
2.60| 0.10 
2.60) 0.10 
| 
3.25] 0.30 
3.25] 0.30 
4.00) 0.15 
4.00| 0.15 
3.65| 0.20 
3.65) 0.20 
4.50) 0.20 
4.50! 0.20 





Blood sugar 
per 100 cc. 





ae | 
= E 
aie 
mg mg 
100 83 
103 | 85 
100 |} 95 
100 |} 91 
118 | 65 
114 69 
125 61 
100 | 55 
108 65 
108 71 
108 | 66 
118 63 
100 | 68 
100 | 74 
110 71 
100 | 60 
118 | 59 
121 60 
100 | 62 
111 2 
108 | 73 
105 | 74 
111 69 
108 70 
108 | 64 
| 125 | 67 








Date. - 
4 

worn | mite 

Nov. 14 

“ 15 | 0.15 

“ 28 

“ 629 | 0.25 

“ 14 

“« 15 | 0.15 

“ 28 

“ 629 | 0.25 

“ 14 

“ 15 | 0.15 

“ 28 

“« 20 | 0.25 

“ 14 

“ 15 | 0.15 

“ 28 

“ 29 | 0.25 

“ 16 

" ££ ties 

“ 30 

Dec. 1 | 0.20 

Nov. 16 

“ 17 | 0.30 

Dec. 2 

“« 3 0.15 

“ 2 

“« 310.20 

“ 2 

“« 3 | 0.20 








Blood sugar 
per 100 cc. 


Initial. 





3 
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91 


105 


110 


100 


100 


100 


114 








38 


25* 


31 


45 











* Almost convulsed. 
t Severe convulsions. 


of the standard rabbits to insulin. 
that the liberation of liver glycogen the day before had caused this 





Epinephrine. 





It is obvious that the injection of epinephrine 24 hours before the 
administration of insulin had appreciably decreased the resistance 


It seems probable, therefore, 
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noticeable effect. One has to consider also the possibility that 
some of the insulin intravenously injected may be excreted in the 
urine. 

It is also interesting to note that repeated injections of epi- 
nephrine into standard rabbits seem to produce comparable hyper- 
glycemic results. Such results are to be expected when the liver 
glycogen remains constant. Epinephrine was given to Rabbits 
112 and 114; samples of blood were taken for sugar determinations 
at 1.5,4,and 5 hours. An equal amount of epinephrine was given 
them 1 week later and a check for blood sugar was made. See 
Table IV for results. 

TABLE IV. 


Effect of Repeated Injections of Epinephrine on Blood Sugar of 
Standard Rabbits. 





. . Blood sugar per 100 cc. 
Rabbit Tos Epineph- 
Date. Re. Weight. 2g 





Initial. 1.5 hrs. 4 hrs. 5 hrs. 





1927 kg. mg. mg. mg. mg. mg. 
Dec. 2 114 3.65 114 278 348 374 
ae 114 3.65 105 295 340 365 
lee 112 4.50 95 334 374 420 
2 112 4.50 100 340 380 400 
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The Effect of Splanchnectomy upon Resistance to Insulin. 


In the preceding experiments with epinephrine and insulin it 
was shown that by the subcutaneous injection of small quantities 
of epinephrine into reliable standard rabbits, 24 hours before 
insulin was administered, their resistance toward the latter is 
diminished. Other workers (5) have demonstrated that by remov- 
ing the suprarenals in rats the sensitivity of these animals toward 
insulin is greatly increased. Because rabbits are not entirely 
suitable subjects for suprarenalectomy, different methods similar 
to those adopted by Britton, Geiling, and Calvery (6) were 
followed for the further study of the physiological action of insulin. 
If epinephrine from natural sources stimulates the mobilization 
of liver glycogen and impedes the effect of insulin, its absence 
should therefore increase the effect of the latter. 

Four male and five female rabbits, whose splanchnic nerves 
running to the suprarenals had been severed, were used. As 
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rat reported previously (1) young “uneducated” rabbits are very 
he resistant to insulin and convulsions do not occur unless several 
units per kilo of body weight are administered. Rabbits 404 and 
406 of this group are the only ones that had previously been given 
er- insulin. That was 6 months before splanchnectomy was done. 
Their diet during the 6 months of freedom was the high carbo- 






































er 
its hydrate diet consisting of barley and alfalfa hay every day. 
ns Consequently their resistance to insulin was naturally increased, 
en as was demonstrated (2) and as will be shown later in this 
ee paper. From the many observations which we have made, 
TABLE V. 
Intravenous and Subcutaneous Convulsive Doses of Insulin in Splanchnec- 
tomized Rabbits. 
— Intravenous injections. Subcutaneous injections. 
= Rabbit | Weight. Unite | rime Unite | am Sex. 
aa Date. per = convul- Date. per ks. convul- 
s10n. sion. 
kg. 1928 min. 1928 min. 
0 | 3.00 | Jan. 23 | 0.5 60 | May 4 | 0.4 | 120 Male. 
404 | 3.20 | Feb. 25 | 0.5 65 = 6 182 |e Female. 
406 | 2.80 | Apr. 27 | 0.4 55 “« 18 | 0.25; 95 ” 
= 40 | 2.50 | Mar. 29 | 0.5 92 y. & 0.3 143 Male. 
41 | 2.50 - Miss - 2108 1 ” 
42 | 2.50 | May 23 | 0.4 55 - 3.193) & “ 
it 43 | 2.30 = #F82.i1058 73 “« 21 | 0.45} 92 Female. 
’ 44 |2.30 | Apr. 16|0.4 | 58 | “ 1 10.4 | 82 « 
es 45 | 2.50 “« 16 | 0.4 61 oo } Tee 62 - 
re 
is ‘ ‘ ' 
vi it may be safely said that no young uneducated rabbit had con- 
d vulsions with a dosage of less than 3 units per kilo. Larger 


ly quantities of insulin were usually required for this purpose. It 
may therefore be said to be true of this group of animals. Several 


~ weeks after the operations, when the animals had completely 
" recovered, they were put on the low carbohydrate diet. A 24 
- hour fast preceded the administration of insulin. A dose of 0.5 
" unit was tried and severe convulsions followed in most cases. 

Upon further trials their lowest convulsive doses were noted. 
” See Table V for results. The remarkable manner in which these 
" animals respond to insulin, the facility of finding the lowest 
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convulsive doses, and their reliability (not depending upon the 
essential 7th day convulsive dose), lead us to suggest this as a new 
and reliable method for the physiological assay of insulin. 

This decrease of resistance to insulin in rabbits whose splanchnic 
nerves are severed, acts as a further support to the theory that the 
mobilization of the liver glycogen increases resistance. Also, the 
inability of the liver to mobilize its glycogen when insulin is 
injected decreases the resistance of the animals. Epinephrine 
seems to be, therefore, an essential factor in the carbohydrate 
metabolism, and to control to a certain extent, one of the strongest 
factors of resistance in animals to insulin. 

In this connection we might say that it cannot be definitely 
stated whether or not all of these animals had a complete splanch- 
nectomy. Had there been a complete severance of the 
splanchnic nerves, we are inclined to believe that the convulsive 
intravenous doses of insulin, as well as the subcutaneous would be 
uniform. The ratio between the two would be a more or less 
definite one since a great obstacle to insulin in the body would be 
removed. 


Immunity to Insulin in Rabbits. 


Since reporting the cases, 2 years ago, of the two rabbits which 
developed immunity to insulin (1), we have received some in- 
quiries about their blood sugar before and after the injection of 
insulin. Unfortunately complete data could not then be given as 
our problem dealt mostly with the assay of insulin and by chance 
we came across the two immune rabbits, Rabbits 92 and 93. As 
no one has added further information on the subject it was thought 
advisable to repeat this experiment administering larger doses of 
insulin than had previously been used. 

Three male and two female rabbits were chosen for this prob- 
lem. All of these animals were used in our experiments dealing 
with the effect of intraperitoneal injections of insulin upon the 
blood sugar of well fed rabbits (7). They were kept, as mentioned 
therein, on the high carbohydrate diet. The animals used in the 
experiments just referred to, required no period of fasting before 
the administration of insulin. In this instance however, a differ- 
ent method was employed. The three males and two females, 
Rabbits 1, 2, 4, 54, and 57, were found to be very suitable animals 
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for illustrating immunity to insulin. They were kept on the same 
diet and a 24 hour fast preceded every injection of insulin. The 
largest quantity of insulin injected into these animals up to 
January 26, 1928, was 8 units per kilo. On February 2, the 
present series of experiments was started. Lilly’s insulin U-40 
(undiluted) was first used in total amounts of 40 units or less. In 
larger quantities, Lilly’s U-100 was employed, undiluted also. All 
injections were made intravenously. 10 units per kilo were first 
administered and this dose was gradually increased every week. 
Naturally, the increase at first was slow, as no convulsions were 
desired. The increasing dosage also depended upon the behavior 
of the animals the week before. Had convulsions occurred, 
there would have been little hope of attaining the remarkable 
immunity recorded in Tables VI and VII. Blood was removed 
before the administration of insulin and later when the animals 
showed signs of weakness. This weakness was evidently due to 
the large amounts of insulin injected. Experiments on Rabbit 1 
had to be discontinued for a few weeks to allow it to recover from 
an infection in its back caused by bites inflicted by other rabbits. 
However, it was able to withstand later a total amount of 82 units. 
Rabbits 2 and 3 withstood each 90 and 100 units, respectively, 
without convulsions. The fact that they were able to resist 
such large quantities of insulin without convulsion and to recover 
without the assistance of glucose injections is a remarkable illus- 
tration of immunity to insulin. The behavior of these animals 
after these injections is noteworthy. They were never completely 
unconscious as occurs in other animals when in such a condition. 
When barley was offered to them under such circumstances they 
were able to distinguish it and to nibble their food. A few 
minutes later they regained their activities and seemed as lively as 
if insulin had never been administered. Manifestations of hypo- 
glycemia were observed when these experiments were first 
started and later when the largest doses were given. These were 
observed 45 minutes after the administration of insulin and lasted 
for over 1 hour. The animals then completely recovered and 
showed an excellent appetite. 

The maximum quantities that were tried with Rabbits 54 and 
57 were 90 and 85 units respectively. Data on the various 
doses of insulin are reported in Table VII. With these two animals 
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a series of experiments were carried on to demonstrate the blood 
sugar curve caused by large and small doses of insulin. Into 
Rabbit 54 the following total amounts were injected: 50, 25,12.5, 
and 4 units. To Rabbit 57 somewhat different quantities were 
administered, as follows: 50, 10, 5, and 2.5 units (total). Blood 
samples for sugar determinations were removed every 15 minutes 
the 1st hour and then every 30 minutes for about 5 hours. Our 
results are represented by the curves plotted in Fig. 2. 

We make no attempt at the present time to offer any explanation 
of immunity in rabbits. These observations reported are merely 
to show that immunity to insulin can be developed to a high 
degree. Also that the insulin administered lowers the blood sugar 
of these animals. Whether the injections are small or large the 
duration of hypoglycemia is not in any definite ratio to the quan- 
tity of insulin given intravenously. 

TABLE VI. 
Insulin Hypoglycemia in Immune, Male Rabbits. 



































| Rabbit 1. Rabbit 2. 
Date. Insulin units. | jy | Insulin units. | ae 
Weight.| | Weight | 
| Per kg.| Total. | nit. | Low. | Per kg. Total.| a | Sen 
4 : waeneel 
kg. | mg. | mg. kg. | mg. mg. 
Feb. 2 | 2.00 | 10 | 26 12.20/10 |22 | | 
“ 9] 2.60| 12 | 30.5|/ 105 | 37 | 2:20 | 12 | 25 | 100 | 30 
— od 13 | 34 | 91 | 36 | 2.20/13 | 28.5) 95 | 40 
“ 23 | 2.60} 18 | 45 2.20/15 | 31.5] 105 | 44 
Mar. 1 | - | | |} 2.20} 20 | 44 | 90 | 33 
a. > | 2.20 | 22.5] 50 | 87 | 47 
“ ui] ° 12.20/25 | 55 | 95 | 40 
“ 22) * | | 2.20/30 | 65 | 105 | 37 
i, | re | 75 | 87 | 33 
Apr. 5 | 2.55 | 25 | 65 | 98 | 40 2.20 | 40 90 | 100 | 30t 
“ 122.75 | 30 | s2 | 88 | 34 | 2.20/10 | 22 | i 
“ 19 | 2.75 | 30 | 82 | t 








* This rabbit was not given any insulin from March 1 to 29. It received 
an infection caused by bites. 

+t Convulsions. 

t Weakness at 1 hour after the injection of 90 units. An hour later 5 ce. 
of 20 per cent glucose were administered subcutaneously and the animal 
recovered immediately. 
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TABLE vI—Concluded. 
od 
to | Rabbit 4. 
5, Date. Units Blood sugar 
re Weight. of insulin. per 100 cc. 
od Per kg.| Total. | Initial.| Low. 
es kg. mg. mg. 
= Feb. 2/2.35 |10 | 23.5 
“ 9 /|2.35 | 12 27.5 | 95 38 
yn “ 16 | 2.35 | 13 31 100 40 
ly “« 23 |2.35 | 15 36 95 48 
rh Mar. 1 | 2.50 | 20 50 87 37 
z “ 812.50 | 22.5 | 56 85 55 
= “ 1512.50 |25 | 61 87 | 59 
1€ “ 22 | 2.50 | 30 72 87 50 
n= “ 29 | 2.50 | 35 85 93 47 
Apr. 5 | 2.50 | 40 /|100 93 47 
“ 12 |2.50 | 40 /|100 89 35 
“ 19 | 2.50 | 40 {100 Convulsions in 71 min. 
“« 26 | 2.50 70 aad = 
aids May 3 | 2.50 40 - a 
- * = 2.50 30 No convulsions. 
r 
- TABLE VII. 
¥ Insulin Hypoglycemia in Immune, Female Rabbits. 
Rabbit 54. Rabbit 57. 
Units Blood sugar per Units Blood sugar 
Date. of insulin. 100 ce. of insulin. per 100 cc. 
3 Sigil gisals 4 2 3 Sicig 
ele lelsiz{ai(eléleleliela 
kg mg. | mg.| mg. kg. mg. | mg. mg. 
Feb. 24 | 4.00) 7 28 3.50} 7 | 24.5 
Mar. 1 | 4.00} 10 40 | 100 | 39 | 30) 3.65) 10 | 36 | 108) 38 | 30 
* 8 | 4.00] 10 40 |} 110 |} 43} 30) 3.65) 15 | 55 | 100) 31 | 30 
* 15 | 4.00) 12.5) 51 | 100 | 40 3.65) 15 | 55 | 100) 33 
“22 | 4.10) 15 62 | 95 41 3.70} 17.5) 65 93} 43 
i 29 | 4.10) 15 62 | 111 | 40 3.75) 17.5| 65 | 105) 37 
Apr. 5 | 3.95) 20 77 | 105 | 63 3.70; 20 | 75 | 105) 50 
“ 12 | 3.95) 22.5) 90 | 118 | 33 3.75 22.5) 85 105| 33 | 
| 
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A few more experiments were carried out to find how long the 
insulin administered stayed in the blood stream. Though the 
results obtained are not sufficient to justify a definite conclusion, 
yet they lead us to believe that approximately 2 hours afterthe 
intravenous injection of large doses, insulin almost vanishes from 
the blood stream of these animals. 


SUMMARY. 


1. More insulin is required to produce convulsions when given 
intravenously than when administered either subcutaneously or 
intraperitoneally. The time necessary to produce convulsions is 
less after intravenous injections than after the other two forms. 
The intraperitoneal route seems to be on a par with the sub- 
cutaneous. 

2. A hypothesis is presented and discussed in explanation of the 
differences that exist between the effects of the subcutaneous and 
the intravenous injections of insulin. Insulin intravenously 
injected is thought to stimulate to a greater degree the mobiliza- 
tion of liver glycogen. Also it appears likely that the mobiliza- 
tion of liver glycogen is an important factor in the resistance of 
animals to insulin. 

3. Epinephrine injections 24 hours before insulin administration 
render the animals more sensitive to insulin. The fact that epi- 
nephrine liberates liver glycogen may explain this phenomenon. 

4. Experiments with splanchnectomized rabbits show that 
animals whose splanchnic nerves are severed become very sensi- 
tive to insulin. It is suggested that such animals might ad- 
vantageously be used for the assay of insulin. 

5. Immunity was developed to a marked degree in rabbits fed 
a high carbohydrate diet. Blood sugar curves resulting from the 
injection of such large amounts of insulin are plotted. The 
method followed in developing immunity in rabbits is described. 
No explanation of this immunity is offered. 
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VITAMIN A DEFICIENCY AND CALCIFICATION OF THE 
EPITHELIUM OF THE KIDNEY. 


By E. C. van LEERSUM. 
(From the Netherlands Institute of Nutrition, Amsterdam, Holland.) 


PLATE 1. 
(Received for publication, June 1, 1928.) 


Recently! I gave an account of an investigation into the occur- 
rence of urinary calculi in rats on a vitamin A-deficient diet, and 
this investigation led me to the conclusion reached by Osborne 
and Mendel;? namely, that there is a relation between a certain 
form of calculosis and vitamin A deficiency. 

In the course of the investigation I frequently found in these 
rats, besides calculi in the bladder, also microscopic concrements 
agreeing in form with casts, but of crystalline nature. Of such 
casts a photographic plate was published. This result led me also 
to examine the kidneys of rats on a vitamin A-deficient diet. I 
repeatedly found tubules, convoluted and looped as well as straight 
ones, here and there containing a substance soluble in acid, which 
turned black in silver nitrate and blue with hematoxylin, so that 
it might be taken for a calcium salt. In the report there was 
also a photograph of a kidney section stained with silver nitrate 
in which there were many such concrements. nen ED 

This calcium deposit so frequent with vitamin A deficiency that 
it may be considered a pathognostic sign of it, throws light on the 
origin of the calculi found by Osborne and Mendel in the bladder 
of the laboratory rat. It is very probable, not to say certain, that 
such calcium deposits become loosened and are washed by the 
urine into the bladder, where, as corpora aliena, they increase in 
size by means of further deposition of salts from the urine. 

In my former communication I had suggested the possibility 


* van Leersum, E. C., J. Biol. Chem., 1928, Ixxvi, 137. 
* Osborne, T. B., and Mendel, L. B., J. Am. Med. Assn., 1917, lxix, 32. 


461 


462 Vitamin A Deficiency 


that we have here a morbid change of epithelial cells which gives 
rise to the formation of calcium casts. Deficiency of vitamin A 
frequently causes changes in epithelial tissue, as xerophthalmia 
and the disturbance of the vaginal secretion in estrus show. 
Therefore I examined these calcium deposits in the kidney tubules 
microscopically. A description of what I found follows. 

When examining many preparations one is apt to come across 
calcium deposits which do not appear homogeneous; for instance, 
if the action of the silver nitrate solution has been of short duration 
and they have not been long exposed to the light. They then 
appear to consist of lumps which differ in depth of color. Some are 
irregular or square in form (Figs. 1 and 5), others round or oval 
(Fig. 2). They are of the same size as the epithelial cells of the 
tubules. Though hardly anything is to be seen of structure, some 
possess a sort of nucleus differing in coloring and the refraction of 
light from the rest of the deposit (Fig. 3). These lumps are 
arranged in a particular way. If by chance the section has been 
made through the longitudinal axis of such a cast, they can be 
seen to lie in two rows on either side of the wall of the tubule 
(Fig. 5). That they do not entirely fill the lumen becomes 
evident from the concrements cut perpendicularly on the axis, 
which assume the shape of a ring (Figs. 1 to 3). In other places 
dark round or oblong spots are seen without recognizable 
structure (Figs. 1 to 3) and sometimes lying in an entirely or 
partly closed circle (Fig. 1, 4). These spots are of the same size 
as nuclei. All this can be seen still better in preparations stained 
for only a short time with hematoxylin. In unstained sections the 
calcium casts can also be distinguished from apparently normal 
tubules, owing to a stronger refractive power and also owing to the 
fact that remains of tissue elements can still be distinguished in the 
calcified matter. This appears from the two photographs (Figs. 
4 and 5) of the same section, made before and after staining with 
silver nitrate. 

Evidently these are not merely deposits of urine salts in the 
lumen of the tubules, which would be solid cylinders and not hollow, 
as these undoubtedly are. The lumps, by their shape and fre- 
quently by a kind of nucleus, as also by their position against the 
membrana propria and their arrangement in a circle, betray 4 
close relation to epithelial cells. Therefore the conclusion is 
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justified that they are indeed epithelial cells impregnated with 
calcium. 


EXPLANATION OF PLATE 1. 


Fig. 1. Section of the kidney of a rat suffering from vitamin A deficiency. 
Stained with hematoxylin (Delafield)-eosin. Zeiss comp. oc. 4., obj. E. 1, 
calcified epithelial cells (square and irregular shapes). 2, calcified epi- 
thelial cells (round and oval). 3, calcified tubules. The one on the left 
shows the first signs of calcification; remains of nuclei are still visible in it. 
4, calcified nuclei arranged in a circle. 

Fic.2. Part of kidneyshowninFig.1. Zeiss homal 4, obj. E. Some very 
dark nuclei are visible. The oval lumps are clearly visible, but show no 
particular structure. 

Fig. 3. Kidney. Hematoxylin (Delafield)-eosin. Zeiss homal 4, obj. 
E. A calcified tubule. In some lumps there is still something visible 
which resembles a nucleus. The other tubules are normal. 

Fig. 4. Kidney, not stained. Zeiss comp. oc. 4., obj. E. In the center 
are two calcified loops. The structure is no longer normal, yet some nuclei 
can still be recognized. 

Fig. 5. The same section as in Fig. 4, after being stained with silver 
nitrate. Consequently the structure cannot be recognized. The calcium 
casts prove to be hollow. 
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THE CONCENTRATION OF VITAMIN B. 


IV. ON THE CONCENTRATION AND THE SEPARATION OF THE 
TWO COMPONENTS OF VITAMIN B. 


By P. A. LEVENE. 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, July 11, 1928.) 


In 1926 Levene and van der Hoeven! communicated a method of 
concentration of vitamin B which consisted of two steps: first, 
deamination of the starting material; second, adsorption of the 
material on silica gel. In the early experiments of Levene and 
van der Hoeven daily doses of 0.1 mg. of the material sufficed to 
maintain the normal growth of white rats. In the majority of 
experiments the period of observation was very short and only in 
one did it last 14 days. However, when the observations were 
extended to longer periods, the material was found ineffective after 
the Ist week. Since then it has been found through the impor- 
tant contributions of Goldberger,? of Chick,’ of Peters,‘ of Sherman,’ 
and of others that vitamin B consists of at least two components, 
one heat-stable, the antipellagra factor, and the other heat- 
unstable, the antineuritic factor. 

New tests on the material prepared by the method described in 
the article of Levene and van der Hoeven have shown that it con- 
tains the heat-unstable factor B, of the English Accessory Food 
Factors Committee, or vitamin F of H. C. Sherman, in high 


‘Levene, P. A., and van der Hoeven, B. J. C., J. Pharmacol. and Exp. 
Therap., 1926, xxix, 227. 

* Goldberger, J., Wheeler, G, A., Lillie, R. D., and Rogers, L. M., Pub. 
Health Rep., U.S. P. H. S., 1926, xli, 297. 

* Chick, H., and Roscoe, M. H., Biochem. J., 1927, xxi, 698. 

‘Peters, R. A., Biochem. J., 1924, xviii, 858. Kinnersley, H. W., and 
Peters, R. A., Biochem. J., 1925, xix, 820; 1928, xxii, 419. 

’ Sherman, H. C., and Axtmayer, J. H., J. Biol. Chem., 1927, Ixxv, 207. 
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concentration. A daily dose of 0.07 mg. added to a daily dose of 
the heat-stable factor, namely to 300 mg. of heated dried yeast, or 
to 30.0 mg. of heated material referred to as (O.W.) fraction, 
sufficed to maintain normal growth. 

It was further found that silica gel has the power of adsorbing 
both factors, but that it adsorbs the heat-unstable fraction pref- 
erentially. Thus a unit weight of dried yeast contains 1 part of 
the heat-stable factor to 73 parts of the heat-unstable, whereas a 
unit weight of the material obtained by elution from the silica 
contains 1 part of the first to 30 of the second. 

Thus by means of silica gel it is possible to obtain: 

1. A fraction containing only the heat-stable factor. 

2. A fraction containing the two factors in high concentration 
(Fraction 159). Daily doses of 2.2 mg. of this material in its best 
samples are capable of maintaining normal growth of white rats 
and 0.07 mg. of the same material contains an effective daily dose 
of the heat-unstable component. Thus the ratio is 1:30. 

3. By means of nitrous acid the activity of the heat-stable factor 
is destroyed, whereas that of the heat-unstable remains intact. 
Hence, by deaminizing the starting material, (O.W.) fraction, and 
subsequently extracting it with silica, a material is obtained which 
contains only the heat-unstable factor (Fraction 349). Daily 
doses of 0.07 mg. of this material suffice to maintain the normal 
growth of white rats. 


EXPERIMENTAL, 


Preparation of Starting Material.—The starting material was of 
the same nature as the concentrate of Osborne and Wakeman. 
The procedure for its preparation, however, differed essentially 
from that of Osborne and Wakeman. 

50 pounds of brewers’ yeast (not compressed), taken up in 5 
gallons of 95 per cent alcohol, were warmed for 4 hours at 60° and 
then filtered. The filtrate was concentrated under reduced 
pressure to a volume of 1 liter. An equal volume of 95 per cent 
alcohol was then added. The precipitate which was thus formed 
was removed by centrifugalization and to the decanted clear, 
supernatant liquid enough 98.5 per cent alcohol was added to 
make the concentration of alcohol equal to 80 per cent. A pre- 
cipitate was formed which was washed with absolute alcohol and 
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then shaken mechanically with acetone, the acetone being renewed 
so long as it continued to extract. The final material, which was 
capable of maintaining normal growth in doses of 30 mg. per day, 
will be referred to as (O.W.) fraction. 

Fractionation by Means of Silica Gel.—50 gm. of the starting 
material, (O.W.) fraction, were taken up in 500 ce. of water and a 
small portion remaining undissolved was removed by centrifugali- 
zation. The supernatant liquid was decanted and diluted with 
water to a volume of 4 liters. The solution was then acidulated to 
pH 3.0 by means of hydriodic acid. To this solution 2 kilos of 
silica gel were added and the mixture was agitated for 15 minutes. 
The filtrate was reextracted with 1 kilo of silica gel and the opera- 
tion was repeated four times (the total number of extractions being 
six). The final filtrate from the silica gel was neutralized with 
lithium hydroxide and concentrated to 100 cc. The concentrate 
was allowed to stand overnight in the refrigerator at 0° to allow a 
sediment to settle. It was then centrifugalized and to the super- 
natant liquid alcohol (98.5 per cent) was added to a concentration 
of 80 per cent alcohol. The precipitate thus formed was washed 
repeatedly by mechanical shaking with alcohol and then dried 
under reduced pressure. The yield of this material was about 28 
to 30 gm. out of the original 50 gm. This material was free from 
B,, but 30 mg. of it on addition of the B, factor were capable of 
maintaining normal growth of white rats. 

Fraction Adsorbed on Silica Gel.—The material adsorbed on the 
silica was liberated in the following way. The first portion 
(2 kilos) of gel was suspended in 4 liters of water containing suffi- 
cient hydriodic acid to bring the pH to 3.0 and the silica was then 
filtered and washed with water on the suction funnel. It was 
then suspended in 6 liters of water and the mixture, brought to 
pH 9.8 by means of lithium hydroxide, was agitated for about 15 
minutes after the required hydrogen ion concentration had been 
attained. The liquid was removed by filtration and the silica was 
washed with water until the wash waters became colorless. All 
filtrates were combined, neutralized with hydriodic acid, and 
concentrated to 75 ce. To this solution 50 cc. of alcohol were 
added and the mixture was allowed to settle overnight. The 
mixture was then centrifugalized. The supernatant liquid was 
concentrated to 40 cc. To this solution 40 cc. of alcohol were 
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added and the mixture was allowed to stand overnight. The 
precipitate was then removed by centrifugalization and the super- 
natant liquid was slowly poured into 1000 cc. of acetone. A 
precipitate was formed which was washed with acetone and dried. 
The yield of this material was between 6 and 7 gm. and the material 
generally contained about 30 per cent of mineral matter. The 
subsequent portions of silica gel were treated in the same way. 
The combined material obtained in this manner contained all the 
heat-unstable factor, factor B,; of the English workers or vitamin F 
of Sherman, and part of the heat-stable factor in a concentrated 
state. 

Properties of Material Containing Factor B,.—This material was 
obtained in the form of a slightly yellow powder, completely soluble 
in water and partly soluble in ethyl and in methyl alcohols. The 
substance gave negative biuret and Millon tests. It did not 
reduce Fehling’s solution, but did so after hydrolysis. When a 
small sample was heated with strong alkali, hydrogen sulfide, 
demonstrable by means of lead acetate, was evolved, but the 
nitroprusside test was very feeble and transitory. Under the 
same conditions a strong odor of indole or skatole was developed. 
The substance had the following composition. 


amino N 
total N 





C 31.54, H 4.99, N 8.92, NH: 1.9, 22.02, P 8.92. 

The activity of the material varied. The best samples of this 
fraction were capable of maintaining normal growth of white rats 
fed on the standard vitamin B-free diet in daily doses of 2.2 mg. 
(calculated as ash-free material). The length of experiments 
varied from 18 to 24 days. Continued half normal growth was 
maintained with daily doses of 0.7 mg. Thus, this material 
contained all the factors of vitamin B. The heat-unstable fraction, 
however, predominated in it, for 0.07 mg. of the material sufficed to 
maintain normal growth when 30.0 mg. of (O.W.) fraction heated 
to 140° were added to the diet. When the daily dose of this frac- 
tion was raised to 0.7 mg., that of the heated material remaining 
unchanged, the growth of the animals exceeded normal growth by 
30 per cent. 

After it became known that vitamin B is composed of at least 
two factors, the question arose as to the relative concentrations of 
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each factor in this material. In order to solve this problem it was 
necessary to establish their relative proportions in the yeast itself. 
This problem is now accessible to solution, inasmuch as one of the 
fractions can be destroyed by heat. Daily doses of 300 mg. of the 
acetone-dried yeast employed by us were required to maintain the 
normal growth of white rats under our conditions of experiment. 
When the yeast was heated at 135° it became ineffective in prevent- 
ing loss of weight of the white rats. However, when to 300 mg. of 
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Fig. 1. In the curves given the daily dose was: for Curves 1, 3.0 mg. 
of Fraction 159; Curves 2, 30.0 mg. of Fraction 247, 1.0 mg. of Fraction 159; 
Curves 3, 30.0 mg. of Fraction 247, 50.0 mg. of acetone-dried yeast ; Curves 
4, 30.0 mg. of Fraction 247, 0.07 mg. of Fraction 159; Curves 5, 30.0 mg. of 
Fraction 247, 0.1 mg. of Fraction 349. 

Fraction 159 = material obtained by elution from silica. Fraction 
247 = heated (O.W.) fraction. Fraction 349 = deaminized (O.W.) fraction 
extracted with silica. 


heated yeast 50 mg. of the acetone-dried yeast were added, the 
growth of the white rats exceeded somewhat the normal. Thus 
it is warranted to assume that 40 mg. of the dried yeast may be 
regarded as the quantity containing 1 unit of the heat-unstable 
component and 300 mg. as the quantity containing 1 unit of heat- 
stable component. Hence 300 mg. of yeast, containing 1 unit of 
the heat-stable component, contain 7.5 units of the heat-unstable 
substance, or the ratio of the first to the second is 1:7.5. In 
order to test the relative concentrations of each of the components 
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in our material it was necessary to establish the minimum weight of 
the material per day required to maintain normal growth when 
added to the daily dose of the heat-stable material. It was found 
that 300 mg. of heated dried yeast or 30 mg. of the heated (O.W.) 
fraction (No. 247) contained the daily requirement of heat-stable 
component and it was further found that 0.07 mg. of the best 
samples of Fraction 159 added to the 30 mg. of heat-stable material 
sufficed to maintain normal growth. Thus a unit weight of 


inal ' 2.2 ; 
Fraction 159 (approximately 2.2 mg.) contains 30 0.07 units of 


the heat-labile substance. Thus the ratio is 1:30, a fact which 
shows that silica gel has a greater power of adsorption for the heat- 
labile component than for the heat-stable. 


Preparation of Heat-Labile Component (B,) Free from Be. 


The preparation of this material was accomplished by deaminiz- 
ing the starting material with nitrous acid and treating the material 
prepared in this manner by the method described in the article of 
Levene and van der Hoeven. If the deamination was carried out 
rigorously, the material did not contain any detectable quantities 
of the heat-stable material. The best samples obtained in this 
manner were capable of maintaining normal growth in daily doses 
of 0.07 to 0.1 mg. 
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ACETYL MONOSES. 


V. THE RATES OF HYDROLYSIS OF TETRAACETYLMETHYLMAN- 
NOSIDES AND OF TRIACETYLMETHYLLYXOSIDES. 


By P. A. LEVENE anp M. L. WOLFROM.* 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, July 7, 1928.) 


Fischer, Bergmann, and Rabe! made the important discovery 
that on methylation of bromotriacetyl-l-rhamnose two crystalline 
triacetylmethyl-l-rhamnosides were formed, one with the specific 
rotation of +45.7° in acetylene tetrachloride, the other with the 
specific rotation of +28.0° in the same solvent. The latter pos- 
sessed an unusual stability of one of the acetyl groups, so that on 
saponification with alkali a monoacetylmethyl-l-rhamnoside was 
obtained. Dale? and later Levene and Sobotka’ have shown that 
bromotetraacetyl-d-mannose also yields a tetraacetylmethyl-d- 
mannoside which on saponification with alkali yields a mono- 
acetylmethyl-d-mannoside. This form will be referred to in this 
discussion as the thirdform. The form of the tetraacetylmethyl-l- 
rhamnoside with the rotation of +45.7° will be referred to as the 
second form, and the first will be considered the form which is 
obtained on acetylation of a-methylrhamnoside. Fischer, Berg- 
mann, and Rabe regarded the second form as the 8 form of the 
first a form. The basis for their conclusion was the fact that the 
first and the second forms showed approximately the same rate of 
hydrolysis with acid, whereas the third form hydrolyzed at a much 
higher velocity. 

From bromotetraacetylmannose likewise two crystalline methyl- 


* National Research Fellow in Chemistry. 

1 Fischer, E., Bergmann, M., and Rabe, A., Ber. chem. Ges., 1920, liii, 
2362. 

2 Dale, J. K., J. Am. Chem. Soc., 1924, xlvi, 1046. 

* Levene, P. A., and Sobotka, H., J. Biol. Chem., 1926, Ixvii, 759, 771. 
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tetraacetates were obtained, one corresponding to the second form, 
the other to the third form of rhamnose. To the former Hudson‘ 
is inclined to attribute the <1,4> lactal structure. We were 
successful this year in preparing a small quantity of the second 
form of triacetylmethylmannoside with the specific rotation of 
—50.0°. Thus, we were in possession of three forms of tetra- 
acetylmethylmannoside and two forms of triacetylmethyllyxoside. 
It was thought that a comparison of the rates of hydrolysis of all 
these forms might aid in their classification. Irvine and Burt 
have shown that the so called y form of methylmannoside hydrol- 
yzed at a higher rate than the common form and Levene and 
Meyer* have shown that the y form had the <1,4> lactal struc- 
ture. Hence a comparison of the rates of hydrolysis of the first 
and of the second forms of tetraacetylmethylmannoside should 
give an indication as to the lactal structures of the two forms. 
It has now been found that they both hydrolyze under similar 
conditions with approximately the same rates and that therefore 
it is warranted to assume that the second form possesses the 
<1,5> and not the <1,4> structure inasmuch as the latter should 
have hydrolyzed with a much higher velocity. 

The rates of hydrolysis of the third forms of mannose and of 
lyxose were of the same order of magnitude. In this respect their 
behavior is similar to that of the third form of triacetylmethyl- 
rhamnoside of Fischer, Bergmann, and Rabe.' To this third form 
these authors, as well as Hudson,‘ assigned the <1,3> structure. 
However, the possibility is not excluded that they possess the 
<1,4> lactal structure. Work on this phase of the problem is 
now in progress. 

EXPERIMENTAL. 


All substances used were carefully purified. The specific rota- 
tions in chloroform solution of the tetraacetylmethyl-d-mannosides 
used were: a, +49°; 8, —45°; y7, —26°. The 6 form was isolated 
in low yield directly from some of the crude preparations obtained 
by treating syrupy acetobromomannose with methyl alcohol and 


‘ Hudson, C.S., J. Am. Chem. Soc., 1926, xlviii, 1424, 1434. 
‘Irvine, J.C., and Burt, W., J. Chem. Soc., 1924, exxv, 1343. 

* Levene, P. A., and Meyer, G. M., J. Biol. Chem., 1928, Ixxvi, 809. 
7 Nomenclature of E. Fischer. 
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silver carbonate. It was separated from the y form by dissolving 
the crude material in a small amount of chloroform and adding 
ether, the 8 form being nearly insoluble in the latter solvent. The 
a-methyl-d-lyxoside triacetate used showed a specific rotation of 


TABLE I. 
Hydrolysis of Acetylated Methyl-d-Mannosides. 
Solvent, 0.1 n HCl in 50 per cent ethyl alcohol. Hydrolyzed 90 minutes 
at 98°. 























1 = 2 dm. » = 5892 A. 
Form. (Mannoside.) a, lal | Reduction. 
degrees degrees 
a 2.72 +3.80 +70 Slight. 
1.13 +1.52 +67 ” 
1.12 +1.58 +71 = 
B 1.12 —1.24 —55 " 
1.13 —1.20 —53 7 
oY 1.13 +0.38 +17 Heavy. 
2.71 +0.86 +16 - 
TABLE II. 


Hydrolysis of Acetylated Methyl-d-Lyzosides. 
Solvent, 0.01 n HCl in 50 per cent ethyl alcohol. Hydrolyzed 90 minutes 
at 98°. 











l = 2 dm. » = 5892 A. 
Form. Geuntie) an la) Reduction. 
degrees degrees 
a 2.85 +2.57 +45 Very slight. 
2.87 +2.66 +46 ™ ” 
Y 2.86 —0.95 -17 Heavy. 
2.86 —0.88 —15 * 
1.20 —0.41 —17 es 














+30° in chloroform solution. The specific rotation of the y form 
in chloroform solution was — 104°. 

The hydrolysis procedure adopted was to dissolve the acetate in 
a measured amount of absolute alcohol equal to half the total 
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volume used (5.00 or 10.00 cc.). The solution was then brought 
to exact total volume with an aqueous solution of hydrochloric 
acid of twice the final strength desired. All the solutions were 
sealed in glass tubes and heated at 98° for 90 minutes, after which 
the tubes were opened and polarimetric readings and reduction 
tests taken. The data obtained are recorded in Tables I and II. 
These tables show that the y forms were hydrolyzed to the sugars, 
as the final specific rotations obtained were approximately those 
of the free sugars (+15° for mannose and — 14° for lyxose in water 
solution). The final rotations of the a and 8 forms indicate that 
little hydrolysis was effected in these cases. 
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CONFIGURATIONAL RELATIONSHIPS OF METHYLBUTYL 
CARBINOL AND OF 2-HYDROXYCAPROIC ACID 
TO LACTIC ACID. 


WITH A NOTE ON THE RELATIONSHIP OF CHEMICAL STRUCTURE 
TO OPTICAL ACTIVITY. 


By P. A. LEVENE anp H. L. HALLER. 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, July 7, 1928.) 


In the earlier papers' of this series the configurational relation- 
ships have been established between a series of hydroxy acids and 
the reference substance, lactic acid, and also the configurational 
relationships of a series of secondary carbinols to the same reference 
substance. - In fact, it was found that the knowledge of the con- 
figurations of the hydroxy acids served to elucidate the configura- 
tions of the carbinols and vice versa. As the work progressed it 
became evident that the data obtained through it may lead to the 
deduction of some more comprehensive rules regarding the rela- 
tionship between chemical structure and optical rotation, as will 
be shown later in this paper in the tabulation of the data thus far 
obtained. 

The present communication deals with the relationship of 2- 
hydroxycaproic acid and of methylbutyl carbinol (hexanol-(2)) to 
lactic acid. The relationship was established readily because of 
the knowledge of the configuration of 4-hydroxyvaleric acid to 
lactic acid. The process of reasoning which led to the conclusion 
of the above relationship is readily seen when only the three signifi- 
cant substances are considered. 


1 Levene, P. A., and Haller, H. L., J. Biol. Chem., 1925, lxv, 49; 1926, 
Ixvii, 329; 1926, Ixix, 165, 569; 1927, lxxiv, 343; 1928, Ixxvi, 415; 1928, Ixxvii, 
555. Levene, P. A., Walti, A., and Haller, H. L., J. Biol. Chem., 1926-27, 
Ixxi, 465. Levene, P. A., Haller, H. L., and Walti, A., J. Biol. Chem., 
1927, Ixxii, 591. 
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COOH CH; CH; 


HCOH HCOH HCOH 


(CH:); —> (CH:)s — (CH2)2 


CH; CH; COOH 
Be II. Ill. 


Of the three substances the configuration of only one (III) is 
known and in order to correlate the configurations of the three it 
suffices to correlate each of the two acids with the carbinol of 
formula (II). 

The process of correlating (I) to (II) was the same as that 
employed on other occasions in this series of investigations and is 
given by the following set of reactions. 


COOH COOC2H; CH:0H CH:Br CH; 


| 


HCOH — HCOH — HCOH — HCOH — HCOH 


| | | | 


| 
C,H C.Hs CH» C,H C.Hs 


Levo (d). Dextro. Dextro. Dextro. Dextro. 
IV. ¥. VI. VII. VIII. 


It must be mentioned, however, that, as on previous occasions, the 
glycol employed in the preparation was not that prepared by the 
reduction of the corresponding ester, but that from hydroxymethyl- 
butyl ketone reduced asymmetrically by yeast. From the ester 
enough glycol was obtained to determine the direction of its rota- 
tion. The glycol was further identified by means of its a-naphthyl- 
diurethane. 

The second phase of the problem consisted of the correlation of 
the configuration of the carbinol II (the same as VIII) with that 
of 4-hydroxyvaleric acid III (the same as IX). This task was 
accomplished by the following set of reactions. 
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CH; CH; CH; 
| | 
HCOH HCOH HCOH 
| | | 
CH: — CH, — CH: 
| | | 
CH: rr tr 
COOH CH=CH: CH:—CH; 
Dextro (I). Dextro. Dextro. 
IX. + xi. 


As was to be expected, dextro-methylbutyl carbinol (hexanol-(2)) 
can be derived either from levo-2-hydroxycaproic acid (d) or from 
dextro-4-hydroxyvaleric acid (1). 

It was also observed that in the case of levo-2-hydroxycaproic acid, 
of the d series, the direction of rotation on passing from the undisso- 
ciated acid to the ion changes to the right. 

The diagram on p. 478 contains a summary of the results 
of the observations on the carbinols. Of these three series of 
carbinols the configurations are known of all save the last 
member of Column 3, and we venture to predict that this 
carbinol will be dextrorotatory. In Column 1, all members follow- 
ing the first member, which is symmetric, are dextrorotatory. In 
Column 2, the carbinol above the symmetric is levorotatory and 
that below is dextrorotatory. In Column 3 those above the 
symmetric are levorotatory and the one below we expect to be 
dextrorotatory. The reason for our belief lies in the fact that 
one property connects all the carbinols above the symmetric 
and another all those below the symmetric; namely, that in the 
former the radicle with the heavier mass is located at the top, in 
the latter at the bottom, of the figures given in the chart. Thus 
in this group of substances the direction of rotation seems to be 
determined by the distribution of the masses around the asym- 
metric carbon atom; in other words, the law enunciated by Guye* 
holds for this simplest group of optically active substances. In 
this group of substances only one of the four radicles attached to 


*Guye, P. A., Compt. rend. Acad., 1890, ex, 714; 1893, exvi, 1378, 1451. 
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HCOH 
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CHs 
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HCOH 
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the asymmetric carbon atom is of distinctly different polarity from 
the remaining three. 

A different aspect of the question is presented by the scrutiny 
of the directions of rotation of the hydroxy acids shown below. 


COOH COOH COOH COOH COOH COOH COOH 


| | 
HCOH HCOH CH: HCOH CH: CH: HCOH 


| | | | | | 
CH; CH; HCOH CH: HCOH CH: CH; 


| | | | | | 


CH; CH; CH, CH: HCOH CH: 


CH; CH; CH; CH: 


CH; 
Levo. Levo. Levo. Levo. Levo. Levo. Levo. 
XII. XIII. XIV. XV. XVI. XVII. XVIII. 


This group of substances differs from the carbinols in that in 
place of a simple alkyl group, a polar carboxyl group is introduced. 
It is also noticed that in all the acids up to (XVIII) the group of 
higher polarity is also the one of greater mass and, if mass is the 
determining factor, these acids should rotate in the same direction 
as 


C:Hs 
HCOH 


CHs 


that is, they should rotate to the left; this condition was found to 
hold experimentally. However, the behavior of the acid (XVIII) 
contradicts this assumption. In this acid the heavier group is 
the non-polar and if mass were the determining factor, the acid 
should rotate to the right. Thus, it would appear that when a 
non-polar group is replaced by a strongly polar group the effect of 
polarity seems to overweigh the effect of mass and that the position 
of the polar group determines the direction of rotation. In this 
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connection it is of interest to note that the malic acid of the con- 
figuration given in the figure 


COOH 


| 
HCOH 


CH: 


| 
COOH 
XIX. 


again is dextrorotatory. In this case the polarities of the two sig- 
nificant groups are of about the same character and the determin- 
ing factor is the weight of the respective groups. It will be im- 
portant to extend the series of observations to acids in which the 
weight of the alkyl group is much greater than that of the butyl 
radicle. Possibly a point will be reached when the effect of 
mass will overweigh the effect of polarity. 

It is our intention to continue the investigation on the relation- 
-ship of chemical structure to optical activity from the view-point 
discussed in this paper. 


EXPERIMENTAL. 
Relationship of 2-Hydroxy-n-Caproic Acid to 1,2-Dihydroxyhezane. 


Levo-2-Hydroxy-n-Caproic Acid.—The inactive acid was ob- 
tained from 2-bromo-n-caproic acid. 122 gm. of 2-bromo-n-caproic 
acid were added to 600 cc. of water containing 86.5 gm. of potas- 
sium carbonate. The solution was heated under a reflux con- 
denser on a boiling water bath for 8 hours. It was then cooled, 
a solution of 64 gm. of concentrated sulfuric acid in 100 cc. of 
water was added slowly, and the solution was extracted with ether 
in a continuous ether extractor. The ether extract was dried over 
sodium sulfate and the ether removed under reduced pressure. 
The acid was dissolved in chloroform and neutralized with 1 equi- 
valent of cinchonidine. Resolution was effected by the procedure 
described by Levene, Mori, and Mikeska.* The cinchonidine salt 


* Levene, P. A., Mori, T., and Mikeska, L. A., J. Biol. Chem., 1927, 
Ixxv, 337. 
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was decomposed in the usual way and the acid converted to the 
sodium salt. In water it had the following rotation. 


+ 3.15° X 100 


_ ne > ° 
[a]> 2X 13.3 + ae. 


To 3 ec. of the above solution were added 1.2 cc. of 2.43 n hydro- 
chloric acid. The rotation was observed immediately. For the 
free acid, 


— 0.15° X 100 


a -—sxer 


Dextro-Ethyl-2-Hydroxy-n-Caproate—A solution of 13 gm. of 
concentrated sulfuric acid in 50 cc. of absolute alcohol was added 
slowly to 34 gm. of thoroughly dried sodium 2-hydroxy-n-caproate 
({a]x’ = +11.8°) suspended in 150 ce. of absolute alcohol. The 
mixture was agitated vigorously with a mechanical stirrer during 
the addition of the acid solution. It was then refluxed for 7 hours 
and allowed to stand overnight. Potassium carbonate was 
added to neutralize the excess acid, the salts were precipitated with 
dry ether, and the solution was filtered. After being dried over 
anhydrous sodium sulfate the solvent was removed and the ester 
distilled under reduced pressure. It distilled at 91-93°, p = 17 
mm. The yield was 28 gm. It analyzed as follows: 


5.260 mg. substance: 11.600 mg. CO» and 4.600 mg. H.0. 
CsH160s. Calculated. Cc 60.00, H 10.00. 
Found. ** 60.13, ‘* 9.78. 


In a 2 dm. tube the optical rotation without solvent was a,’ = 
+11.0°. 
Dextro-1,2-Dihydroxyhexane.—Dextro-ethyl-2-hydroxy-n-capro- 
ate (a”’ = +11.0° in a 2 dm. tube) was reduced with sodium and 
glacial acetic acid in the apparatus described by Levene and Allen.‘ 
The procedure for the reduction was the same as that previously 


‘Levene, P. A., and Allen, C. H., J. Biol. Chem., 1916, xxvii, 443. 
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described for the reduction of other hydroxy acids.’ The glycol 
analyzed as follows: 


5.175 mg. substance: 11.980 mg. CO2 and 5.085 mg. H:0. 
C.HyO>. Calculated. Cc 61.02, H 11.95. 
Found. 63.11, “ 10.99. 


In absolute alcohol it had the following rotation. 


1.95° X 1 
[a]? = oe = + 10.8°. 

Di-(a-Naphthylurethane) of Dextro-1,2-Dihydroxyhexane (Hexy- 
lene-Bis-a-Naphthyl Carbamate).—The glycol obtained in the 
above experiment was converted into its di-(naphthylurethane) in 
the usual manner. It was recrystallized from absolute alcohoi. 
It gradually softened and melted at 155-160° and analyzed as 
follows: 


0.1000 gm. substance: 4.20 cc. 0.1 Nn HCl (Kjeldahl). 
C2sH2s04N2. Calculated. N 6.14. Found. N 5.88. 


In glacial acetic acid it had the following rotation. 


yt = = 0.50° X100_ _ 5, 

aden < o ° alattal 

Preparation of Dezxtro-1,2-Dihydroxyhexane from d,l-1-Chloro-2- 
Hydroxyhexane. 


d,l-1-Chloro-2-Hydroxyhexane.—This substance was obtained 
on condensation of chloroacetaldehyde with butyl magnesium 
bromide. The procedure for the preparation was the same as that 
described in the preparation of 1-chloro-2-hydroxypentane.’ The 
chlorohydrin distilled at 74-77°, p = 12 mm. It analyzed as 
follows: 


0.1117 gm. substance: 0.2162 gm. CO: and 0.0962 gm. H.0O. 


0.1126 “ a : 0.1136 “ AgCl. 
C;H,;0Cl. Calculated. C 52.75, H 9.52, Cl 26.00. 
Found. “ 52.78, “ 9.63, “24.88. 


5 Levene, P. A., and Haller, H. L., J. Biol. Chem., 1926, lxix, 165. Le- 
vene, P. A., Haller, H. L., and Walti, A., J. Biol. Chem., 1927, Ixxii, 593. 
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Chloromethylbutyl Ketone (1-Chlorohexanone-(2)).—The chlo- 
rohexanol obtained as described above was oxidized with potassium 
dichromate and sulfuric acid. To 50 gm. of 1-chloro-2-hydroxy- 
hexane were added 40 gm. of finely pulverized potassium dichro- 
mate. This mixture, cooled in an ice water bath, was vigorously 
stirred with a mechanical stirrer. A solution of 60 gm. of con- 
centrated sulfuric acid in 75 cc. of water was then slowly dropped 
into the mixture. After the addition of all the acid, stirring was 
continued for 2 hours and the reaction mixture was allowed to come 
to room temperature. It was then diluted with water and ex- 
tracted with ether. The ether extract was dried over anhydrous 
sodium sulfate. The ether was removed and the chloroketone 
distilled. It boiled at 70°, p = 15 mm. It analyzed as follows: 


5.905 mg. substance: 11.615 mg. CO. and 4.450 mg. H,0. 
C.H,OCl. Calculated. C 53.53, H 8.25. 
Found. ** 53.63, ‘* 8.43. 


Hydroxymethylbutyl Ketone (Hexanol-(1)-one-(2)).—A mixture 
of 100 gm. of chloromethylbutyl ketone, 125 gm. of dried potassium 
formate, and 150 cc. of dry methyl alcohol was heated under a 
reflux condenser on a boiling water bath overnight. The reaction 
mixture was cooled, dry ether was added, and the solution was 
filtered. After being dried over anhydrous sodium sulfate, the 
solvent was removed and the hydroxyketone was distilled under 
reduced pressure. The fraction which distilled at 83-85°, p = 15 
mm., was collected and employed for the reduction to the glycol. 

Dextro-1 ,2-Dihydroxyhexane.—A solution of 50 gm. of freshly 
distilled hydroxymethylbutyl ketone in 50 cc. of absolute alcohol 
was slowly dropped into an actively fermenting mixture of 5000 cc. 
of water, 500 gm. of sugar, and 500 gm. of yeast. About 100 gm. 
of yeast were added every day for 5 days and the fermentation 
mixture was frequently shaken. On the 7th day the mixture was 
filtered and worked up in the usual way.’ On redistillation the 
glycol boiled at 110-113°, p = 6mm. _ It analyzed as follows: 


5.380 mg. substance: 11.985 mg. CO: and 5.735 mg. H.O. 
CcHisO2. Calculated. C 61.02, H 11.95. 
Found. ** 60.74, ‘* 11.93. 





7 Neuberg, C., and Korb, E., Biochem. Z., 1918, xcii, 96. Farber, E., 
Nord, F. F., and Neuberg, C., Biochem. Z., 1920, exii, 313. 
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In absolute alcohol it had the following rotation. 


2.00° 1 
[a]? = Sa = + 15.2°. 

Di-(a-Naphthylurethane) of Dextro-1,2-Dihydroxyhexane (Hexy- 
lene-Bis-a-Naphthyl Carbamate).—1 part of glycol obtained as 
described above and 2.8 parts of a-naphthyl isocyanate were heated 
on the steam bath for 15 minutes. The reaction product soon 
crystallized. It was dissolved in boiling absolute alcohol, filtered, 
and allowed to crystallize. It melted at 172-174° and analyzed 
as follows: 


0.1000 gm. substance required 4.30 cc. 0.1 n HCl. 
C2sH2s0,N2. Calculated. N 6.14. Found. N 6.02. 


In glacial acetic acid it had the following rotation. 


— 0.50° < 100 
—_ Po, A s B ° 
[a], 2 X 2.48 me. 


Conversion of Dextro-1,2-Dihydroxyhexane into Dextro-Methylbutyl 
Carbinol. 


Dextro-1-Bromo-2-H ydroxyhexane.—Into 17.5 gm. of 1,2-dihy- 
droxyhexane ([a]”” = +15.2°), cooled in an ice water bath, were 
passed 14.5 gm. of dry hydrogen bromide. The reaction mixture 
was heated on the steam bath for 4 hour, cooled, ice and chloroform 
added, and neutralized with solid potassium carbonate. The 
chloroform solution was dried over sodium sulfate. After removal 
of the chloroform the bromohydrin was distilled. It boiled at 
93-95°, p = 17mm. _ It analyzed as follows: 


0.1218 gm. substance: 0.1240 gm. AgBr. 
C.H:;0Br. Calculated. Br 44.2. Found. Br 43.3. 


In a 1 dm. tube without solvent it had the rotation a? = +2.85. 
Dextro-Methylbutyl Carbinol.—The bromohydrin obtained in the 
above experiment was reduced in alkaline solution with hydrogen 
and colloidal palladium. The procedure was the same as that 
previously described for the reduction of 1-iodo-3-hydroxybutane.* 


® Levene, P. A., Walti, A., and Haller, H. L., J. Biol. Chem., 1926-27, 
Ixxi, 467. 
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The ether extract was dried over anhydrous sodium sulfate and 
the ether distilled. The carbinol was then fractionally distilled 
and a fraction which boiled at 135-140° was collected. In ether 
it had the following rotation. 


+ 1.55° x 100 
% . ——__—__— = + 15.0°. 
[a], 1 X 10.36 + 


It was further identified by converting it into its a-naphthylure- 
thane. 

a-Naphihylurethane of Dextro-Methylbutyl Carbinol (Hezyl-a- 
Naphthyl Carbamate).—1 part of carbinol obtained in the above 
experiment and 1.7 parts of a-naphthyl isocyanate were heated 
on the steam bath for 15 minutes. On standing overnight it 
crystallized. It was recrystallized several times from dilute 
alcohol. It melted at 61-65° and analyzed as follows: 


0.1000 gm. substance required 3.98 cc. 0.1 n HCl. 
Ci7H202N. Calculated. N 5.20. Found. N 5.57. 


In absolute alcohol it had the following rotation. 


+ 1.00° x 100 
—_ ni FRE 2 ° 
[alo 2 X 8.0 saga 
Relationship between Dextro-Methylbutyl Carbinol and Dezxtro-4- 
Hydroxyvaleric Acid. 


A®-Hexenol-(2).—This carbinol was obtained on reduction of 
allylacetone with sodium and glacial acetic acid. The allylacetone 
was prepared by the condensation of allyl bromide and acetoacetic 
ester, followed by ketone decomposition. It was reduced in the 
apparatus described by Levene and Allen.‘ The procedure was 
the following. 

10.5 gm. of sodium were emulsified in 75 cc. of toluene. A 
solution of 15 gm. of allylacetone dissolved in 20 cc. of glacial 
acetic acid was then introduced at such a rate that the addition 
required 10 minutes. During the course of the reaction, 50 cc. 
of toluene were added gradually through the condenser. After 
the addition of all the ketone, 20 cc. of glacial acetic acid were 
added and after refluxing had ceased, absolute alcohol was intro- 
duced until all the sodium had reacted. The reaction mixture was 
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cooled, and dilute alcohol was added, followed by water. The 
mixture was then steam-distilled and the chloroform solution of 
the carbinol separated from the aqueous layer. After being dried 
over potassium carbonate, the chloroform solution was frac- 
tionally distilled. The carbinol boiled at 138-140°. 

Dezxtro-A*-Hexenol-(2).—To 100 gm. of inactive A*-hexenol-(2) 
dissolved in 200 cc. of dry pyridine were added 148 gm. of phthalic 
anhydride. The mixture was allowed to stand overnight and 
then heated on the steam bath for 1 hour. The solution was 
cooled, ice and chloroform were added, followed by an excess of 
concentrated hydrochloric acid. The acid ester was extracted 
with chloroform, the extract was washed with water and dried over 
sodium sulfate. The chloroform was removed under reduced 
pressure and the residue was dissolved in a slight excess of sodium 
carbonate. The solution was then extracted with ether to remove 
any unchanged carbinol. It was then acidified with hydrochloric 
acid and the acid ester extracted with chloroform. The chloroform 
extract was washed with water and dried over anhydrous sodium 
sulfate. After removal of most of the chloroform the residue was 
poured into petroleum ether, from which the phthalate readily 
crystallized. 

The phthalate was dissolved in acetone and converted into the 
brucine salt. This salt was recrystallized several times from ace- 
tone. On decomposition of the brucine salt with hydrochloric 
acid in the usual way a phthalate was obtained which had the 
following rotation in ether. 


o + 8.75° X 100 
eS = _ ° 
ia oo + 43.75°. 


The acid ester ({a]2? = +43.75°) obtained as described above 
was dissolved in sodium hydroxide solution (3 mols) and the 
solution steam-distilled. The carbinol was extracted from the 
distillate with ether, the ether extract dried over anhydrous po- 
tassium carbonate, and the ether removed. The carbinol was 
then distilled at atmospheric pressure. It boiled at 138-140°, and 
analyzed as follows: 

3.110 mg. substance: 8.180 mg. CO, and 3.395 mg. H,0. 


C.H,y.0. Calculated. C 72.00, H 12.00. 
Found. TL. eee 





In 
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In ether it had the following rotation. 


The 
ion of 9 7° 

dried [a]? = + aS ae = + 18.2°. 

frac- 

Reduction of Levo-A®-Hexenol to Levo-Methylbutyl Carbinol. 
“ Levo-Methylbutyl Carbinol.—8 gm. of levo-A*-hexenol-(2) ({a]?? = 
) — 14.1° in ether) obtained on decomposition of the mother liquors 
; and in the resolution of A®-hexenol-(2) were dissolved in 40 cc. of ether 
ey and reduced with hydrogen and colloidal palladium. Absorption 
tail of hydrogen was rapid and reduction was complete in 4 hours. 
paths The ether solution was dried over anhydrous potassium carbonate 
aad and the ether was removed. The carbinol was then distilled at 
ati atmospheric pressure. It boiled at 138-139°. It analyzed as 
follows: 

nove 

lorie 5.185 mg. substance: 13.385 mg. CO, and 6.280 mg. H:0. 

‘orm C.Hi,0. Calculated. C 70.58, H 13.72. 

, Found. ** 70.39, ** 13.55. 

ium 

was In ether it had the following rotation. 

dily yo = — 1.85° X 100 

(8 a 

the 

uce- a-Naphthylurethane of Levo-Methylbutyl Carbinol (Heryl-a- 
ric Naphthyl Carbamate).—The a-naphthylurethane of the carbinol 


the obtained in the above experiment was prepared by heating 1 part 
of the carbinol with 1.7 parts of a-naphthy] isocyanate on the steam 
bath for 15 minutes. On standing overnight the urethane crystal- 
lized. After recrystallization from dilute alcohol, it melted at 
78-81° and analyzed as follows: 


Ve 0.1000 mg. substance required 3.60 cc. 0.1 Nn HCl. 
he Ci;H20.N. Calculated. N 5.20. Found. N 5.04. 
he ; 
mn In absolute alcohol it had the following rotation. 
as _ — 0.92° X 100 
22. ——_- = — 10.4°. 
ad [a], 2x 44 


Conversion of Dextro-A*-Hexenol-(2) into Dextro-4-Hydroxyvaleric 
Acid. 


32 gm. of dextro-A®-hexenol-(2) 


Dextro-4-Hydroxyvaleric Acid. 
A 


([ajj? = +-18.2°) were ozonized in 3 gm. lots in chloroform. 
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solution of 3 gm. of carbinol in 40 cc. of chloroform was treated 
with ozone until a test portion no longer decolorized bromine in 
glacial acetic acid. The choloroform was removed under reduced 
pressure and the residue poured into water. After standing for 2 
hours at room temperature with frequent shaking, the solution 
was heated under a reflux condenser on the water bath for 1 hour. 
After being cooled, alcohol was added until a clear solution was 
obtained. 

In the subsequent treatment four lots of ozonized carbinol 
(3 gm. each) were combined and treated as follows: To the aqueous 
alcohol solution was added a solution of 90 gm. of silver nitrate in 
200 cc. of water. The solution was stirred with a mechanical 
stirrer and a solution of 45 gm. of potassium hydroxide in 400 ce. 
of water was then slowly introduced. Stirring was continued for 
5 hours after the addition of all the alkali. The solution was then 
filtered and carbon dioxide passed into the filtrate. The filtrate 
was concentrated on the water pump to a small volume, acidified 
to Congo red with 25 per cent sulfuric acid, and then extracted with 
ether in a continuous ether extractor. The ether extract was dried 
over anhydrous sodium sulfate and the etherremoved. The residue 
was treated in ether solution with barium carbonate, filtered, and 
then neutralized rapidly with anhydrous potassium carbonate 
until no longer acid to litmus. The solution was filtered, the ether 
was distilled off, water was added, and the lactone converted into 
the barium salt. For analysis the barium salt was dried at 110° 
for 2 hours. 


5.845 mg. substance: 3.695 mg. BaSO,. 
CioHis0¢.Ba. Calculated. Ba 37.2. Found. Ba 37.0. 


In water the barium salt had the following rotation. 


4  +.0.47° X 100 , 
“sae Oe. 








The rotation of the free acid was obtained by adding to 3.0 ce. of 
the above solution of barium salt 2.2 cc. of 0.6 N HCl. The rota- 
tion was observed immediately. For the free acid, 


+ 0.95° X 100 


24 = = . Pe 
[a]; ox 45 + 10.5 
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CRYSTALLINE UREASE. 


III. VARIATIONS IN JACK BEAN MEAL AS AFFECTING THE 
YIELD OF CRYSTALS. 


By JAMES B. SUMNER anv RACHEL G. HOLLOWAY. 


(From the Department of Physiology and Biochemistry, Cornell University 
Medical College, Ithaca.) 


(Received for publication, August 24, 1928.) 


It has been explained already that while certain samples of jack 
bean meal contain so much urease that extracts prepared accord- 
ing to our directions! furnish a good crop of urease crystals, other 
samples of jack bean meal are so poor in urease that no crystals can 
be obtained unless the dilute acetone extract is acidified with 10 ce. 
of 0.2 N acetic acid and allowed to stand in the ice chest overnight.? 

We first stated that the 31.6 per cent acetone used to extract the 
100 gm. of jack bean meal should have a temperature of 22°. 
Later, it was noticed that the crystals of urease that separated 
upon cooling were contaminated with less amorphous protein 
impurity if the temperature of the 31.6 per cent acetone was about 
28°. We have tried extracting the meal with dilute acetone at 
0°, keeping all of the apparatus in the ice chest. At this tem- 
perature the yield of urease crystals is somewhat increased, but 
the amount of amorphous protein* impurity is greatly increased. 
If the acetone solution used to extract the meal is at 30°, the 
urease crystals are contaminated with needles of the globulin 
concanavalin B. Hence, it was concluded that the best tempera- 
ture for extraction is 28°. This applies to meal rich in urease. 

Our custom has been to stir the jack bean meal with the dilute 
acetone for only 3 or 4 minutes. Experiments have shown that 


1 Sumner, J. B., J. Biol. Chem., 1926, Ixix, 435. 

* Sumner, J. B., and Hand, D. B., J. Biol. Chem., 1928, Ixxvi, 149. 

5 This material is a hitherto unreported jack bean protein. It is soluble 
in acid and in alkali, but is insoluble in neutral solvents. 
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if the material is stirred much longer the yield of urease crys- 
tals is diminished; if stirred for 1 hour the diminution is con- 
siderable. It seems probable that the urease exists in the jack 
bean combined with bases and that during the extraction certain 
acids in other cells of the bean are enabled to react with the bases 
combined with the urease. The higher the temperature, or the 
longer the stirring, the more opportunity there is for such combina- 
tion to take place. A similar explanation is needed to show how 
it is possible to extract the globulin concanavalin A from jack bean 
meal with water. From aqueous extracts this globulin soon crys- 
tallizes and having done so can be shown to be extremely insoluble 
in the medium from which it has separated. It cannot be dissolved 
in any concentration of sodium chloride at room temperature, 
although it dissolves in saturated sodium chloride at 37°. 

When the urease crystals are prepared from meal poor in urease, 
with acetic acid, as described in our directions, we have found that 
the mother liquor, after the urease crystals have stopped separating 
out, contains approximately 7 units of the enzyme per cc. Al- 
though the length of time that the material stands and the tem- 
perature of the ice chest have some effect, it can be said that the 
value of 7 units per cc. represents approximately the maximum 
solubility of urease under these experimental conditions. It is 
of very great interest to note that whenever the jack bean meal 
employed for the preparation of urease crystals is so poor in 
urease that the extract contains no more than 7 units per cc., 
no crystals can be obtained after addition of acetic acid and 
cooling. The same result can be achieved by inactivating or 
destroying a portion of the urease of the good meal by the addition 
of a sufficient amount of formaldehyde, mercuric acetate, or 
copper sulfate. Just as soon as the paralyser has been added in 
amount sufficient to destroy so much urease that the filtrate con- 
tains 7 units per cc., or less, it becomes impossible to obtain the 
urease crystals. 

When the concentration of urease in the 31.6 per cent acetone 
filtrate is between 7 and 8 units per cc., a few urease crystals can 
be found by patient search with the microscope, and with still 
greater concentrations of urease in the filtrate the yield of crystals 
increases in proportion. We wish to point out that those who 
wish to prepare urease crystals cannot do so unless the dilute 
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acetone filtrate contains more than 7 units of enzyme per cc. It 
can be calculated from figures already given? that when the ace- 
tic acid is not added the filtrate must contain more than 12 units 
per cc. if crystals are to separate on cooling. 

Within the past year we have purchased a variety of jack bean 
meal never before encountered in our work with urease. This 
meal contains urease that is only partly soluble in 31.6 per cent 
acetone and in 30 per cent alcohol. Thus, although there is 
sufficient urease in the meal (100 units per gm.) to give a fair crop 
of crystals, no crystals can be obtained and the filtrates have been 
found to contain between 6 and 7 units of urease percc. Although 
dilute acetone and dilute alcohol do not extract the urease in a 
satisfactory manner, distilled water has been found to extract 
it nearly as well as it extracts the urease from samples of the 


TABLE I. 





Urease units per: 








Meal No. 
oat | Sor | See | Soe 
280328 100 20.0 6.6 7.4 
F 48 100 20.2 6.9 7.4 
F 18 102 21.5 10.3 12.2 





ordinary meal. Inasmuch as we have been sold meal of this 
unusual nature from two different supply houses, it is likely that 
the fault lies with the jack beans that have been sold recently for 
the manufacture of meal. Table I gives figures showing the 
units of urease per gm. of one sample of satisfactory meal and 
two samples of unsatisfactory meal. The table shows how many 
units of urease are capable of being extracted by distilled water, 
by 31.6 per cent acetone, and by 30 per cent alcohol. In each case 
1 part of the meal by weight was mixed with 5 volumes of the 
solvent. The water extract was centrifuged, the acetone extract 
was filtered in the ice chest, while the alcohol extract was filtered 
at room temperature because chilling precipitates urease from 
30 per cent alcoholic extracts. 

We have attempted to improve the extraction of urease from 
the unsatisfactory meal by adding to the 31.6 per cent acetone 
small quantities of calcium chloride, calcium acetate, magnesium 
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sulfate, potassium oxalate, and saponin, but without success. 
The calcium and magnesium salts almost entirely prevented the 
extraction of the urease; the potassium oxalate and the saponin 
were without effect. 

A curious property shown by the unsatisfactory meal is de- 
creased hydration capacity. When one treats 100 gm. of normal 
jack bean meal with 500 cc. of 31.6 per cent acetone, pours on a 
filter, covers with a filter paper to prevent undue evaporation, 
and allows the material to filter overnight in an ice chest, the 
volume of the filtrate is always between 310 and 315 ce. How- 
ever, with the unsatisfactory meal the volume of the filtrate is 
from 325 to 330 cc. This decreased hydration capacity may be 
concerned with the decreased solubility of the urease. 
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THE INORGANIC PHOSPHATE CONTENT OF RESTING 
MAMMALIAN MUSCLE. 


By JACOB SACKS anp H. A. DAVENPORT. 


(From the Department of Chemistry and the Institute of Neurology, North- 
western University Medical School, Chicago.) 


(Received for publication, July 5, 1928.) 


In 1927 Fiske and Subbarow (5) found in mammalian muscle 
a compound of phosphoric acid which underwent rapid hydrolysis 
in acid solution. Almost simultaneously Eggleton and Eggleton 
(2) reported a similar compound in frog muscle and recently (3) 
they have confirmed the findings of Fiske and Subbarow on 
mammalian muscle. From their data Fiske and Subbarow con- 
clude that the inorganic phosphate content of striated muscle of 
the cat is 20 to 25 mg. per cent (expressed as P) instead of the 
usually given values of 80 to 100 mg. per cent. Eggleton and 
Eggleton report 26 mg. per cent for the gastrocnemius muscle of 
the rabbit and 58 for this muscle in the guinea pig. 

The method used by both groups of workers was the comparison 
of the rate of color development of a trichloroacetic acid muscle 
filtrate with that of a standard phosphate solution when these 
were treated simultaneously with molybdic acid and a reducing 
agent, and to extrapolate the values to zero time. Neither group 
of investigators has stated specifically the method of obtaining the 
muscles from mammals; that is, whether the animal was killed 
and the muscle excised, or whether the muscle was removed from 
the anesthetized animal. 

This method of determining the phosphate content of muscle 
is subject to several criticisms. In the first place, the extrapola- 
tion to zero time assumes that the reactions involved are all of 
the first order. Second, in attempts to repeat the work of Fiske 
and Subbarow it was found that during the first 10 minutes, when 
the greatest change is taking place, the color developed in the 
solution containing muscle filtrate was olive to blue-green instead 
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of the pure blue of the standard. Furthermore, the values ob- 
tained were found to fall on an approximately logarithmic curve, 
as is shown in the charts of Irving and Wells (7), instead of being 
nearly on a straight line, as is claimed by Fiske and Subbarow. 
Finally, one cannot be certain that muscle removed post mortem 
or muscle excised from the living animal and then frozen has not 
undergone appreciable change from the conditions which existed 
in vivo. 

In order definitely to establish the normal range of the inorganic 
phosphate of resting mammalian muscle and to provide a technique 
suitable for the study of the labile compound, a series of deter- 
minations was made on the resting gastrocnemius muscle of the 
rabbit, guinea pig, rat, cat, and dog by precipitating the inorganic 
phosphate from protein-free muscle filtrates with magnesia mix- 
ture and determining phosphorus in the precipitate. Previous 
workers (5, 8) have shown that the labile compound does not 
undergo hydrolysis in alkaline solution in the absence of muscle 
enzymes, and it is not precipitated by magnesia mixture. 

The samples were obtained by freezing the muscle with carbon 
dioxide snow and ethyl chloride while the animal was under amytal 
anesthesia, as previously described by Davenport and Davenport 
(1). The muscle was carefully dissected away from surrounding 
structures, with the circulation and nerves intact. The skin 
incision was then closed with wound clips and the animal allowed 
to rest for 5 or 10 minutes. The clips were then removed, the 
tendon of insertion cut, and carbon dioxide snow packed around 
the distal portion of the muscle. Ethyl] chloride was then dropped 
on the snow until a slush formed, and this slush was worked toward 
the origin as the distal parts became frozen. In this way the 
circulating blood was frozen in with the muscle and there was no 
temporary asphyxia of the unfrozen parts. The muscle was not 
removed from the animal until it was completely frozen. In the 
majority of cases, except with rats, there was no evidence of con- 
tracture and usually only very slight twitching. The rat muscles, 
however, did twitch considerably. With excised muscles there 
was generally a marked contracture. Gorodissky (6) reports 
that when frog muscles are frozen in liquid air there is always a 
contracture. With regard to the apparently higher irritability 
of rat muscles, it may be noted that the lactic acid content of the 
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resting muscle in this species is found to be consistently higher 
than in the other animals investigated (Davenport and Daven- 
port (1) and unpublished data of G. L. Foster). 

Some preliminary experiments in which saturated ammonium 
sulfate solution was used as the protein precipitant gave values 
of 20 to 25 mg. per cent for the gastrocnemius muscle of the rabbit. 
This precipitant was abandoned, however, on account of the 
difficulty of making lactic acid determinations on the filtrates, and 
the following procedure was adopted. 

The frozen muscle was cut into slices from 0.1 to 0.2 mm. 
thick. These were immediately put into a small beaker which 
was kept cold by surrounding it with carbon dioxide snow. When 
the entire muscle had been sliced, all the material was put into a 
weighed flask containing 5 per cent trichloroacetic acid solution 
cooled to 0°. The whole was shaken well, the flask and con- 
tents reweighed, and after 10 minutes of constant shaking the 
liquid was poured into a cold filter. It was found, in agreement 
with Eggleton and Eggleton (2), that equilibrium to the extent of 
at least 98 per cent was reached under these conditions. 

Immediately after filtration was complete, a measured volume 
of the filtrate—usually 10 cc., equivalent to 0.7 to 1.0 gm. of 
muscle—was pipetted into a tapered centrifuge tube containing 
0.5 ec. of concentrated ammonia solution. 2 or 3 cc. of magnesia 
mixture were then added and the sides of the tube rubbed down 
with a rubber policeman. After standing an hour to insure 
complete precipitation, the tube was again rubbed down, cen- 
trifugalized, the liquid decanted, and the tube inverted on filter 
paper to drain. The precipitate of magnesium ammonium phos- 
phate was dissolved by the addition of 2 drops of 5 N sulfuric acid 
and phosphorus determined by the method of Fiske and Subbarow 
(4). It is necessary to proceed as rapidly as possible in the 
preparation of the sample because appreciable hydrolysis of the 
labile compound takes place in trichloroacetic acid solution even 
at 0°, as shown previously by others (2, 5). 

By the procedure described above it was found that the inor- 
ganic phosphate content of resting skeletal muscle of the cat, rat, 
and guinea pig is slightly over 20 mg. per cent and that of the 
dog and rabbit is somewhat under this figure. 

Lactic acid determinations were made on the filtrates wherever 








TABLE I. 
Inorganic Phosphate and Lactic Acid in Muscles of Rabbits, Guinea Pigs, 
Rats, Cats, and Dogs. 



































| Inor- ; 
Animal No. “No. | penmens ef ganic haste Remarks. 
| mg. per| mg. per 
100 gm.|100 gm. 
Rabbit. 
1 1/G 19 | 15 | Spinal block with alcohol after 
2 - 1 16 19 amytal analgesia. 
bal “2. 21 Same as Sample 1 except 
| allowed to stay 30 min. at 0° 
before neutralization. 
2 | 3 G.r. 18 8 | Respiration nearly normal. 
| 4 “7 15 7 
| 
3 is G.r. 19 24 | G.r. frozen during slowed res- 
in ihe i 23 27 piration; G.l. frozen just as 
respiration stopped. 

7 = 53 | 155 | 3 min. post mortem. Muscle 
twitched violently during 
freezing. 

4 8 | G.r. 19 26 | Died at beginning of freezing 

9 we, 47 | 148 G.r. G.l. frozen 7 min. post 
mortem. 

5 10 | Gi. 49 86 | 10 min. post mortem. 
} ll | we i miwm* * - 
| 12 | Tl. | 89] 163| 1fhrs. “ “ 
. oe. Xe. 91; 180] 13 “ ” ” 
6 | 14 Gr. 100 | 230} i1hrs. postmortem. P deter- 
mo i *L 101 | 250 mined on magnesia mixture 
precipitates. 
6 14 G.r. 102 Direct colorimetric determina- 
6 | “1. 104 tion on trichloroacetic acid 
filtrates. 
Guinea pig. 
11 mi Gi. 26 Considerable hemorrhage after 

22 | a 29 freezing G.1. 

12 23 G.r. 32 Respiration failed while freez- 

24 | « ‘6. 40 | ing G.r.; G.l. frozen im- 

mediately post mortem. 
*G. = gastrocnemius; S. = soleus; T. = triceps brachii; r. and 1. = 


right and left. 
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TABLE 1—Concluded. 









































. | ors Inor- : 
Animal No. No mae *) ganic —_ Remarks. 
mg. per| mg. per | 
100 gm.|100 gm. 
13 25 r. 20 7 | Mixed muscles of hind leg. 
26 i. Lost. 8 
14 27 r. 22 18 | Mixed muscles of hind leg. 
28 l. 21 15 
Rat. 
21 31 G.1. 22 Considerable twitching. 
32 “ce r. 24 “c “ 
22 33 G.r. 22 o - 
34 nat 9 26 Some thawing of slices. 
23 35 2 22 15 | Mixed muscles of hind leg. 
36 i. 22 19 
Cat. 
31 41 x. 21 13 
42 “5, 21 13 
32 43 G.l. 22 17 
44 oe. 22 17 
Dog | 
41 51.| GS1.| 16] 14| 
| ai “es. 17) 14) 
42 | 53 | GSr.| 18| 9 


54 | “ 1] 17] 12 








sufficient material was available. Phosphorus determinations on 
muscles frozen at various times after the death of the animal were 
made also. Included in Table I is a comparison of the values 
obtained by direct colorimetric determinations made on muscles 
removed post mortem with those obtained on magnesia mixture 
precipitates from the same filtrates. 

It will be seen that there is a rapid increase in the inorganic 
phosphorus values very quickly after death as well as a marked 
increase in the lactic acid content. No definite ratio between the 
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increases in phosphorus and lactic acid can be deduced from the 
data available. 

The values for inorganic phosphorus reported here are prob- 
ably higher than the actual ones, as some hydrolysis takes place 
while the muscle is in contact with the trichloroacetic acid and 
during the filtration. The attempt has been made to keep this 
hydrolysis at a minimum by keeping the solution at 0° or lower and 
working as rapidly as conditions will permit until the filtrate is 
neutralized. Constant and vigorous shaking during the 10 min- 
utes allowed for extraction is necessary in order to obtain equi- 
librium between the muscle and the solution. Experiments were 
performed in which portions of the solution were withdrawn for 
analysis after 5, 10, and 30 minutes contact between the muscle 
and the trichloroacetic acid solutions. It was found that the 5 
minute samples gave values both for phosphorus and lactic acid 
which were about 95 per cent of those obtained at 10 and 30 
minutes. 

SUMMARY. 


1. The inorganic phosphate content of resting muscle is slightly 
over 20 mg. per cent for the cat, rat, and guinea pig and slightly 
under this figure for the rabbit and dog. 

2. The amount of inorganic phosphate increases very rapidly 
after death just as does the lactic acid. 
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CHEMICAL STUDIES OF MUSCLE CONTRACTURE. 
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An exact knowledge of the relationship of lactic acid to muscle 
shortening would contribute much toward the subject of muscle 
physiology. Data to show that lactic acid is an important inter- 
mediary product of the carbohydrate metabolism of muscle are 
available in abundance, but the time relationship between lactic 
acid formation and the act of shortening is not yet clear. 


Recent observations on rigor mortis (8, 9, 21), as well as the classical 
observations on crustacean muscle by Claude Bernard, have shown that 
rigor can occur with so little acid present that the muscles may be neutral 
or even slightly alkaline. 

Attempts have been made by Bethe and coworkers (1) to show that in 
order to include all the known facts in one hypothesis, which would be 
generally applicable to muscle shortening, it is necessary to assume the 
existence of a non-acid ‘‘Verkiirzungssubstanz.’’ The findings of Meyerhof 
(13) and of Matsuoka (11) have led them to the conclusion that the develop- 
ment of tension in muscle is always associated with the production of lac- 
ticacid. Riesser and Heianzan (16) have pointed out that among the con- 
tractures produced by drugs or chemical agents the contracture caused by 
acetyl choline acting on isolated frog muscle was an exception and not ac- 
companied by a measurable increase of lactic acid. The opposite finding, 
in principle, has been reported by Gasser and Dale (6). They found a 
measurable increase in the lactic acid content in the denervated gastroc- 
nemii of cats when these muscles developed tension from acetyl choline 
excitation. 

Zondek and Matakas (22) found no increase in the lactic acid production 
of isolated gastrocnemii of frogs during drug contractures of short dura- 
tion, and concluded that the increased production of lactic acid during 
drug contractures observed by others was due to injury to the muscle. 
They have pointed out that the production of sustained shortening in vitro 
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without increase of lactic acid is proof that lactic acid does not cause the 
shortening. Embden and coworkers (4) have obtained data which indi- 
cated that a muscle excited by a single stimulus becomes more alkaline 
at the moment of shortening, and that the formation of lactic acid occurs 
during the phase of relaxation. 

Experiments made by Swartz and Oschmann (20) with the action of 
monobromoacetic acid on isolated frog gastrocnemii showed no increase 
in the lactic acid content of the muscles during the contracture produced 
by this drug. 

In the work to be described, we wished to ascertain how the 
lactic acid content of muscles in a state of contracture caused by 
tetanus toxin would compare with that of muscles obtained from 
normal animals. The production of localized tetanus can be 
accomplished easily in experimental animals by intramuscular or 
subcutaneous injection of the toxin of Bacillus tetani. The mus- 
cles nearest the site of injection become hypertonic in 3 to 7 days 
and the development of tension is sufficient to immobilize the 
affected muscles or, in the case of a limb, to immobilize the entire 
extremity. The course of the development of this type of con- 
tracture has been studied by Meyer and Ransom (12) and later 
by Ranson and Morris (14). They have found that the muscle 
shortening is at first dependent upon intact innervation but later 
persists under deep anesthesia or even after section of the motor 
nerve. The first type of contracture has been designated as 
“hypertonic” and may be considered reversible in character be- 
cause relaxation occurs during anesthesia or after section of the 
motor nerve. The final type which represents a permanent short- 
ening of resting muscle has been termed “myostatic” contracture 
(15). It must be due to some permanent change in the muscle 
substance because it persists after section of the motor nerve. 

The cause of this irreversible contracture might conceivably 
be found in the chemical constituents of the muscle and the most 
obvious of these was considered to be lactic acid. 


EXPERIMENTAL. 


Guinea pigs weighing about 550 gm. were injected aseptically 
in the popliteal space of the right leg with approximately one-half 
of one M.L.p. of tetanus toxin.' Contracture which persisted 


1 We are indebted to Parke, Davis and Company for a supply of tetanus 
toxin. 
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under deep anesthesia developed in 5 to 7 days. When the 
shortening had become irreversible the gastrocnemii were re- 
moved for analysis. The muscle on the uninjected side served 
in a way as a control, although it was usually slightly involved. 

In the determination of lactic acid in mammalian muscle the 
method of preparing the samples for analysis becomes one of 
prime importance. The technique for obtaining such samples 
has been reported (2). It consists essentially of freezing the 
muscles with the blood circulation intact by a mixture of CO, 
snow and ethyl chloride,? removal from the animal, and then 
cross sectioning them into slices about 0.1 mm. thick. The 
slices are transferred while still frozen into ice-cold 4 to 5 per cent 
trichloroacetic acid. Weights are obtained by weighing the ves- 
sel (a 100 or 150 cc. extraction flask) before and after it receives 
the muscle sample. 

Table I shows the amounts of lactic acid found with varying 
experimental procedures. The determinations were made by the 
Friedemann, Cotonio, and Shaffer procedure (5) with colloidal 
manganese dioxide for the oxidizing agent, and apparatus modi- 
fied to determine quantities between 0.05 and 2.0 mg. (2, 3). 

Since the animals must be anesthetized, for humane reasons 
and to prevent rise of lactic acid, from struggling, the effect of 
the anesthetic has to be considered. Ether seemed obviously 
unsuited because it causes an acidosis, and this acidosis is asso- 
ciated with an increase of lactate ion in the blood (17). Urethane 
was tried in two animals, but caused cyanosis and gave higher 
lactic acid values for muscle than did amytal. The latter gave 
values more nearly like those found for blood in resting mammals. 

Since the lactate ion is diffusible, one would expect an equilib- 
rium between muscles and blood while an animal was in a state of 
rest. The blood lactic acid has been found to be between 10 and 
20 mg. per cent (7, 18) in resting mammals, and it seems signi- 
ficant that this corresponds with the range of the lactic acid con- 


*It has been found most convenient to pack the snow about the distal 
portion of the muscle and then by ‘‘wetting’”’ the snow with ethyl chloride 
to cause the freezing mixture so formed to flow first around the portion 
adjacent to the insertion. By elevating the foot and pushing the freezing 
mixture toward the origin, the muscle can be frozen solid with a minimum 
amount of stimulation and without premature arrest of the circulation. 
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tent of gastrocnemii of guinea pigs and rats (14) (as well as un- 
reported data on rabbits and cats) by freezing the muscles in situ 
while the animals were anesthetized with amytal. 

It seems reasonable to conclude that the general anesthetic 
which gives the lowest values is the one which maintains a physio- 
logical condition most nearly true to normal rest, because the 
known disturbances to muscle metabolism cause a rise in lactic 
acid. There is still the possibility, however, that amytal exerts 
a specific depressing action upon the formation of lactic acid. 
We have attempted to throw some light upon this phase of the 
question by removing muscles during regional anesthesia pro- 
duced by blocking the spinal cord in the sacral region. It is 
fairly easy to enter the spinal canal of a guinea pig with a small 
needle and inject about 0.05 cc. of absolute alcohol with a tuber- 
culin syringe. If local anesthesia is induced first with about 0.1 
cc. of 1 per cent novocaine injected into the skin and deeper tis- 
sues, the final injection of alcohol can be accomplished without 
serious disturbance to the animal. Values obtained by this 
method of anesthesia are somewhat higher than those obtained 
with amytal. This does not necessarily prove that amytal de- 
presses the formation of lactic acid other than by inducing mus- 
cular rest, because the anterior portion of the animal was active. 
This activity may have given rise to sufficient lactate to raise the 
content in the posterior portion of the body by diffusion from the 
blood stream. A point against the possibility that amytal may 
depress the formation of lactic acid has been furnished by Long 
(10) in finding that muscle glycogen decreases during 3 hours of 
general anesthesia. If this decrease is accompanied by a fall in 
body temperature and no increase in lactic acid nor blood sugar, 
then the fate of the glycogen becomes a problem in itself worth 
investigating. 

The findings appear to be unquestionably negative relative to 
the possibility of there being a storage of lactate ion in the muscle 
during irreversible contracture caused by tetanus toxin, or that 
lactic acid is being formed in order to maintain the shortening. 

Muscles removed from animals anesthetized with amytal ranged 
from +8 to 24 mg. per cent on the control side and from +8 to 
30 mg. on the side of the contracture. There was no consistent 
difference between the two sides, and the values obtained for 
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TABLE I. 
Lactic Acid Found in the Gastrocnemii of Guinea Pigs and Rabbits during 
Contracture Caused by Tetanus Toxin. 
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etic mg. per 
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the Guinea 
pig. 
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oTO- 4 F. 15 Cut. 
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ong . 21 block ’ 
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; body. 
no | body 
rth 7 | F. | 21 Cut. 
C. 19 
18 F. 18 
> to Cc. | 18 
scle | 
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5: C. 30 hr. 
ged 22 F. | 23 
3 to C. 16 
ont 23 | F. | 12 
for Cc. | 15 














* F. = flaccidity; C. = contracture. 
t Normal animal. 
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both sides correspond closely with those obtained in normal 
animals under comparable conditions (2). There is a considerable 
range in values from animal to animal (greater than the range 
from side to side in the same animal). This variation is due prob- 
ably to variations in respiration and circulation in animals under 
general anesthesia, and to the struggling in the anterior half of the 
body during spinal block. 

Since lactic acid forms rapidly in a muscle which has had its 
circulation arrested, previous values for resting mammalian mus- 
cle have been too high. Values closely approaching the resting 
content have been reported by Gasser and Dale (6) and by Simp- 
son and MacLeod (19). The former found 35 mg. per cent, and 
the latter 24 mg. in muscles removed from living cats. 

It is possible that the genesis of the contracture is related to an 
excessive formation of lactic acid by the muscle, and that later, 
when the contracture becomes independent of the nerve supply 
to the muscle, a condition of lactate content indistinguishable 
from resting values returns. The methods used were such that 
the latter possibility was neither eliminated nor strengthened. 

In some animals the sciatic nerve was cut 20 to 30 minutes 
before the muscles were frozen. In others the muscles were frozen 
with the nerve supply intact. A survey of Table I will show that 
the quantities of lactic acid found were lower and more uniform 
when the nerve had been sectioned. The somewhat higher and 
more irregular values obtained when the nerve was intact seem 
attributable to reflex twitching of the muscle due to excitation 
of sensory nerves by the freezing. 

In one observation not included in Table I, the sciatic nerves 
were stimulated by faradization for a period of 2 minutes at in- 
tervals of 10 seconds “‘on,” alternating with 5 seconds “off.” The 
flaccid muscle was tetanized first and frozen within 20 seconds 
after the stimulation was stopped. Freezing was begun just as the 
stimulation was stopped. After removing the “normal” muscle, 
the tonic muscle was stimulated and frozen in a similar manner. 
The lactic acid found was: flaccid muscle, 92 mg. per cent; tonic, 
70 mg. per cent. This observation is cited to show (in at least a 
qualitative manner) that the muscle in contracture is capable of 
forming lactic acid when its motor nerve is stimulated. It is 
capable also of forming lactic acid post mortem, and in these two 
phenomena does not differ qualitatively from the normal muscle. 
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ormal SUMMARY. 
rable The lactic acid content of muscles which have undergone per- 
= manent shortening from treatment with tetanus toxin lies within 
prob- the same range as that of normal muscles either from the flaccid 
inder side of the same animal or from normal animals. 
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INTRODUCTION. 


In the first article of this series (1), it was shown that hydroquinone has 
a definite beneficial effect when used as a constituent of certain diets. At 
that time it was stated that a series of studies was in progress dealing with 
the protective action of phenols toward vitamins. This is the first of a 
series of articles describing these studies. 

Hopkins in 1920 (2) stated that the antixerophthalmic factor is de- 
stroyed by aeration for 4 hours at 120°. He also found that at 15-25° the 
destruction proceeded when the oil was exposed to the atmosphere in thin 
layers. Drummond and Coward (3) in the same year stated that the 
destruction of the vitamin under similar conditions of temperature is 
probably due to oxidation. In 1914, Kraus (4) reported that the oxidation 
in cod liver oil emulsions is induced by emulsifying agents. Drummond, 
Zilva, and Coward (5) later found that cod liver oil emulsified with Irish 
moss, or gum acacia, which contain oxidases, gradually loses its vitamin A 
potency. 

That this destructive oxidation is accompanied by a simultaneous oxida- 
tion of the fatty acids is indicated by the work of Powick (6) who found 
that mixing the vitamin with a rancid fat accelerated the rate of destruc- 
tion. He attributed this increased rate to the oxidation of the vitamin by 
the organic peroxides of the rancid fat. 

In view of this suggested relationship between the rate of destruction 
and peroxide formation, it might be expected that the ‘‘antioxygens’’ 
of Moureu and Dufraisse (7) would retard the destruction of the vitamin. 
Lund (8) found that the rancidity of cod liver oil was delayed in the pres- 
ence of easily oxidizable substances such as liver debris, or pyrogallol. 
Mattill (9) studied the relation of the acetyl number of fats and the protec- 
tive relation of the hydroxyl group. He emphasizes the importance of 
the recognition of the réle played by oxidizing catalysts and antioxidizers 
in the biological assay of foods for the vitamin content. 
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TABLE I. 
Animals Receiving Milk Fat with Hydroquinone.* 


Body weights are given in gm. 




















Wks. on diet Rat37. | Rata2. | Ratss. | Rats. | Ratss. 
64.5 | 43.5 50.0 52.5 40.5 

1 | 83.2 | 54.0 63.2 66.8 57.6 
2 | 107.1 | 66.0 79.5 82.0 79.0 
3 | 118.7 | 82.4 91.9 90.6 92.8 
4 | 135.0 | 96.0 107.2 99.0 95.9 
5 | 148.4 | 105.6F 108.5t 96 .4t 93.7 
6 | 152.8 | 118.8 136.0 113.4 106.8 
7 | 150.7 | 146.8 161.5 130.0 130.9 
8 | 144.8} 
9 | 155.3 | 
10 192.7 | | | 





Animals Receiving Milk Fat without Hydroquinone.t 





| 














Wks.on | Rat 43 Rat 44. | Rat 45. | Rat 47. | Rat 4s. | Rat 49. | Rat 56. 
: 
| | | 
40.0 | 40.5 | 54.5 60.0 | 49.0 | 50.0 | 41.0 
1 56.3 55.7 | 63.5 77.7 | 62.0 | 66.8 | 60.4 
2 | 76.7 | 77.0 | 78.1 98.3 | 78.0 83.5 81.8 
3 | 92.4 | 91.7 | 97.7 | 115.1 | 90.7 | 95.0 | 96.2 
4 | 110.0 | 104.5 99.0¢ | 130.0 | 98.9 | 103.3 | 108.7 
5 | 114.1t | 103.9¢ | 104.0 | 136.0 | 94.0t | 110.4 | 113.7 
6 | 93.6 | 94.0 | 89.0 | 145.5¢| 99.2 | 110.0t | 112.0t 
7 | 85 | § | §& 151.8 | § | 112.4 | 115.5 
8 | § | | 151.0 | 107.2 | 95.7 
9 | | | 92.7 | § 
| | } § | 








* All of these rats showed ophthalmia the week preceding the change in 
diet. All were discarded when recovery was complete. 

+ Indicates time of transfer. 

t All of these rats except Rats 45 and 47 showed ophthalmia the week 
preceding the change of diet. Rat 47 was discarded because of lack of 
tood; slight ophthalmia at time of discarding. 

§ Indicates death. 
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EXPERIMENTAL. 


Feeding Experiments. 


Experiment 1.—Young albino rats at 28 days of age were placed 
upon the McCollum Diet 3626 (10) modified in that the milk fat 
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Cuart I. Animals 57 and 58 developed a lung infection in the 6th 


week and failed 


to show the usual growth for a time. X ophthalmia 


when removed from preliminary diet. © recovery from ophthalmia. 


was replaced by an equal amount of hydrogenated cottonseed oil. 
McCollum’s Salt Mixture 20 was used. These rats were main- 
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tained upon this diet until there was unmistakable evidence of 
ophthalmia and a definite break in the growth curve. At this 
time (5 to 7 weeks) the animals were transferred from this ophthal- 
mia-developing ration to diets in which one-half of the hydrogen- 
ated cottonseed oil was replaced by milk fat stored for 46 days. 
One group of animals received milk fat stored at 37° in an open 
beaker out of direct sunlight. Another group received milk, fat 
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Cuart II. X ophthalmia when removed from preliminary diet. 0 re- 
covery from ophthalmia. 


stored under identical conditions with the exception that it con- 
tained 0.5 mg. of hydroquininone per cc. of fat. The animals 
were maintained on these diets until death ensued or until the 
growth curve and appearance of the eyes indicated complete re- 
covery. Tabular results of this experiment are presented in Table I. 

Experiment 2.—In this experiment animals also received McCol- 
lum’s Diet 3626 modified as in Experiment 1, and as in the pre- 
ceding experiment were transferred to modified rations containing 
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milk fat stored with and without hydroquinone. The preliminary 
period of feeding in this experiment was uniformly 6 weeks. In 
this case, however, the period of storage was 37 days and the hydro- 
quinone content of the preserved fat was 1.0 mg. per gm. The 
results are presented in Chart I. 

Experiment 3.—Rats were kept on the preliminary diet 6 weeks 
and then placed on a diet in which one-half of the hydrogenated 
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Cuart III. X ophthalmia when removed from preliminary diet. © re- 
covery from ophthalmia. A reappearance of ophthalmia. 


cottonseed oil was replaced with the same lot of milk fat as was 
used in Experiment 2, which had been stored at 37° for a period 
of 83 days, with hydroquinone in the ratio of 1 mg. per gm. All 
of the animals had developed ophthalmia at the close of the pre- 
liminary period. The growth curves are shown in Chart II. 
Experiment 4.—As in the preceding experiments, animals were 
fed the preliminary ophthalmia-producing diet for 6 weeks, after 
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which time they were transferred to diets in which one-fifth of the. 
hydrogenated cottonseed oil was replaced by stored cod liver oil. 
These samples of cod liver oil were stored under the same conditions 
as described in the case of milk fat in Experiment 1, for a period 
of 56 days. The hydroquinone content of the treated oil was 
1.0 mg. per gm. 
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CuartIV. X ophthalmia when removed from preliminary diet. O re- 
covery from ophthalmia. 


All animals receiving cod liver oil plus hydroquinone were 
cured of ophthalmia inside of 3 days. Those which received cod 
liver oil without hydroquinone recovered more slowly but all were 
cured by the close of the 10th day. 

At the end of 4 weeks the animals were placed on diets in which 
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only one-tenth of the hydrogenated cottonseed oil had been re- 
placed by cod liver oil which had been stored 132 days. All 
those receiving untreated oil developed ophthalmia within 2 weeks, 
while those receiving preserved oil were entirely free from eye 


soreness. 
The growth curves are shown in Charts III and IV. 


Color Tests for Vitamin A. 


Portions of cod liver oil and of milk fat with and without hy- 
droquinone were placed in Erlenmeyer flasks and stored in contact 
with air, but out of direct sunlight, at a temperature of 37°. The 


TABLE II. 
Color Tests for Vitamin A. 





Mg. 
hydro- | SbCls test on A ‘ ‘ ‘ 
/ 4 A sCls test on cod liver} SbCl: test on milk AsCls test on milk 
caiben. , rp ete oil after 40 days.* fat after 83 days.t fat after 83 days.t 
fat. 





0.0 | Red-brown.} Brown. Pale brown. Pale brown. 

ft ie - ¥ Very faint blue.| “ " 

5.0 | Pale brown. ws - sa “| Very faint blue. 
10.0 | Faint blue.| Very faint blue.| “ - - “ = ™ 
25.0 |Good “ | Faint blue. as ” “ | Faint blue. 

















The presence of hydroquinone in the fresh cod liver oil and in the fresh 
milk fat had no effect on these color tests. 

* The fresh cod liver oil gave a strong blue color. 

+ The fresh milk fat gave a faint blue color. 


flasks were shaken daily. The SbCl; color test of Carr and Price 
(11) and the AsCl; color test of Rosenheim and Drummond (12) 
were made on the fresh fats. The tests were repeated at the end 
of 40 days in the case of cod liver oil and at the end of 83 days in 
the case of milk fat. The results of these tests are shown in 
Table II. 


Chemical Constants. 


Three lots of milk fat, Lot A without hydroquinone, Lot B 
containing 0.1 mg. of hydroquinone per gm. of fat, and Lot C 
containing 0.5 mg. of hydroquinone per gm. of fat, were placed in 
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TABLE III. 
Chemical Contents of Milk Fat. 





After 30 days. | After 60 days. | Canggete 60 


U 


Lot. | Fresh fat. 








Iodine No. (Hanus). 
























































A 32.29 
32.21 31.80 27.72 
32.14 31.81 27.52 | 
Average. 32.21 31.80 | 27.62 | 4.59 
B 32.17 32.52 | 32.39 
| 32.01 32.36 32.26 
Average. 32.09 32.44 32.33 | +0 .24 
C 32.24 | 
31.91 32.38 31.95 
32.05 32.59 | 32.11 | 
Average. 32.07 32.47 | 32.03 | ~0.04 
Saponification No. 
A 230.11 231.66 | 287.25 
229 .82 232.14 | 237.53 
Average. 229 97 231.90 | 237.39 +7.42 
B 231.05 
230.04 231.06 232.00 
230.17 230.94 232.03 
Average. 230.11 231.02 | 232.01 41.90 
Cc 231.89 
230.62 232.60 232 21 
230.98 231.98 232.34 
Average. 230.80 232.29 | 232.14 +1.34 
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TABLE 111—Continued. 
a - Lot. | Fresh fat. After 30 days. After 60 days. | — 60 
Reichert-Meissl No. 
A 30.44 
29.37 30.50 30.18 
29.86 30.47 30.22 
59 Average. 29.62 30.48 30.28 +0.66 
B 29.85 29.35 29.41 
29.78 29.55 29.64 
24 Average. 29.82 29.45 29.52 —0.30 
C 29.98 30.30 29 .87 
30.38 30.46 30.13 
Average. 30.18 30.38 30.00 —0.18 
04 
sei Acid No. (mg. KOH per gm.). 
ani A 0.727 0.807 2.122 
0.709 0.793 2.094 
Average. 0.718 0.800 2.108 +1.390 
42 
aaneaeal B 0.752 0.782 0.764 
0.757 0.767 0.753 
Average. 0.755 0.774 0.759 +0.004 
90 Cc 0.793 0.806 0.839 
meas 0.825 0.823 0.836 
Average. 0.809 | 0.814 0.837 | +0.028 
34 
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TABLE I1I—Concluded. 












































Lot. Fresh fat. After 30 days. After 60 days. —— 60 
Acetyl No. 
A 4.50 6.01 | 9.91 
4.54 5.77 9.99 
Average. 4.52 5.89 | 9.95 +5.43 
B 6.01 5.65 4.03 
5.98 6.14 3.94 
Average. 6.00 5.90 | 3.99 —2.01 
Cc 5.04 4.94 3.00 
4.94 4.94 2.63 
Average. 4.99 4.94 | 2.82 —2.17 











We are unable to explain the consistent drop in the acetyl numbers in 
the case of both Lots B and C. 

The color of the milk fat in Lot A gradually faded during storage while 
that of Lots B and C remained unimpaired. 

Lot C at the end of 60 days darkened during the treatment involved in 
the determination of the Reichert-Meissl number, the saponification 
number, the acid number, and the acetyl number. 


Erlenmeyer flasks and stored in contact with air but out of direct 
sunlight at a temperature of 37°. The flasks were shaken daily. 
Portions of each lot were analyzed at the beginning of the period of 
storage, at the expiration of 30 days, and at the end of 60days. 
The iodine number, saponification number, Reichert-Meissl 
number (13), acid number (14), and acetyl number (15) were 
determined. The results are shown in Table III. 


DISCUSSION. 
Feeding Experiments. 


The experiments show a definite protective action against de- 
struction of vitamin A by hydroquinone in both milk fat and cod 
liver oil, when these are stored a number of weeks under the stated 
conditions. Drummond and Coward (3) found that butter lost 





XUM 





ige in 60 
lays. 








2.01 





2.17 





nbers in 
ge while 


olved in 
ification 


F direct 
. daily. 
riod of 
0 days. 
-Meissl 
) were 


nst de- 
nd cod 
stated 
ter lost 





Huston, Lightbody, and Ball 517 


power to restore growth when heated at 37° for 3 weeks. It is 
worthy of note that the fourteen animals fed milk fat containing 
hydroquinone resumed growth and recovered from ophthalmia with- 
out exception. We suggest as does Mattill (9) that Quinn’s (16) 
assumption that vitamin A may exist in more than one form 
in nature, may be based on observations affected in part by the 
presence of certain natural occurring antioxygens. 


Color Tests and Chemical Constants. 


Application of color tests to the stored fats substantiates the 
results obtained in the feeding experiments. The chromogenic 
substance of milk fat appears to be more resistant to oxidative 
destruction, in the presence of hydroquinone, than does that of cod 
liver oil. Possibly this is due to the greater unsaturation and re- 
sulting readiness of peroxide formation of the latter. It is inter- 
esting also to note that hydroquinone serves to preserve the natural 
pigments of the milk fat. 

The determined chemical constants likewise confirm the preserv- 
ative action of hydroquinone, as would be expected from the results 
of the work of Moureu and Dufraisse (7). There is indicated an 
optimum concentration of hydroquinone, the exact value of which, 
for butter fat and other oils, is the subject of further study. 

This laboratory has under way a series of investigations of the 
preservative action of hydroquinone on vitamins A and D in 
natural oils and in these oils when in the emulsified state and in food 
mixes. 


These studies were made possible by a grant from the Agricul- 
tural Experiment Station of Michigan State College. 


CONCLUSION. 


This series of experiments shows a definite antioxygenic effect 
of hydroquinone on vitamin A of milk fat and of cod liver oil. 
There is also shown a correlation between the preservative action 
of hydroquinone on vitamin A and the protection of milk fat from 
decomposition. 
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PERIPLOCYMARIN AND PERIPLOGENIN. 


By WALTER A. JACOBS anp ALEXANDER HOFFMANN. 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, June 25, 1928.) 


Closely allied to the family of Apocynaces, which embraces a 
number of plants yielding heart poisons such as the strophanthins, 
is the family of Asclepiadacee. Belonging to the latter is a species, 
Periploca greca, found principally in the region of the Black Sea 
and some of the eastern Mediterranean countries, which has been 
shown by Lehmann! to contain a glucoside, periplocin. This 
substance was isolated by this worker in pure form as needles 
which were soluble in alcohol and water and practically insoluble 
in chloroform, and of intensely bitter taste. It was also found? 
to possess a characteristic action on the heart, closely resembling 
that of digitalis and the strophanthins. On the basis of his 
analyses and molecular weight determinations, Lehmann derived 
the formula C3oH4s0;2 for periplocin. The glucosidic character 
of the substance was shown by its cleavage by acid into reducing 
sugar and a bitter aglucone, periplogenin, of neutral character, which 
was obtained in crystalline form. Lehmann’s analysis of the 
latter indicated C.sH;,0; as its formula. The sugar was obtained 
also in crystalline form but was not analyzed. His attempts to 
prepare an osazone were inconclusive, and the suggestion was 
offered that the sugar is a hexose, probably closely allied to 
glucose. The cleavage of periplocin by acid was given the follow- 
ing, as we shall see, improbable description: 


CyoHasO12 = CooHsOs + CoHi20¢ + H;0. 


Our own interest in periplocin began with our studies on the 
structural correlation of the aglucones of the cardiac glucosides 
1Lehmann, E., Arch. Pharm., 1897, ecxxxv, 157. 


*Burchinsky, P., Russkij Wratsch., 1896, Nos. 29-35; Petersburg med. 
Woch., 1897, No. 9, 49. 
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with strophanthidin. Through the kind cooperation of E. Merck 
and Company, Darmstadt, we obtained a small quantity of 
periplocin-Merck. This substance as described by Merck* was a 
yellow amorphous powder soluble in water and alcohol. Follow- 
ing a few unpromising preliminary trials, no extensive attempts 
were made to isolate from the limited material at our disposal the 
crystalline glucoside of Lehmann, although Feigl‘ described the 
separation of the crystalline glucoside from material obtained from 
Merck 20 years previously. Likewise our preliminary attempts to 
prepare the aglucone, periplogenin, directly from this material 
were not satisfactory. The observation was then made that the 
Keller-Kiliani reaction characteristic for desoxy sugars was given 
by the substance and that only a small amount could be extracted 
by chloroform from its aqueous solution. It was then found that 
the method used by us for the successful investigation of K-stro- 
phanthin® could be employed here. 

An aqueous solution of the substance on digestion with stro- 
phanthobiase prepared from Strophanthus courmonti seeds gave 
rise to a cleavage product which could now be readily extracted 
with chloroform. This substance crystallized readily under 
methyl alcohol with 1 mol of methyl alcohol of crystallization and 
in melting point and general properties resembled cymarin very 
closely. But further investigation showed definite differences. 
The analytical results agreed best with the formula C3o0HOs-CH;- 
OH, whereas the formula of cymarin is C3o0HO,.-CH;0H. 

Although periplocin-Merck is described as a substance prepared 
from Periploca grxca, in order to remove all uncertainty regarding 
the botanical origin of the material studied by us we have obtained 
from two other sources the plant itself with which careful com- 
parative studies were made. Through the very generous co- 
operation of the late Professor Charles 8S. Sargent and of Dr. 
E. H. Wilson, we have received prunings of Periploca grzca 
from the Arnold Arboretum. Likewise, through the kind efforts of 
Professor N. Maximow, Leningrad, material was collected for us 
by the staff of the Caucasus Division of the Institut de botanique 
appliquée et d’amelioration de plantes in Ssouchum. Of all of 
these kindnesses we are very deeply appreciative. 

3 Merck, E., Wissensch. Abhandl. Geb. Pharm., No. 8, 78. 


4Feigl, J., Biochem Z., 1907, ii, 404. 
5 Jacobs, W. A., and Hoffmann, A., J. Biol. Chem., 1926, lxix, 153. 
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Concentrated alcoholic extracts of the plant materials after 
preliminary purification when subjected in aqueous solution to the 
action of strophanthobiase yielded a substance in each case which 
could be extracted with chloroform and which crystallized from 
methyl alcohol. These substances proved to be identical in all 
respects with that first obtained from the Merck product. Peri- 
plocymarin, as we have called the substance, is a glucoside. Like 
cymarin it gives the strong typical Keller-Kiliani reaction for 
desoxy sugars. In addition after removal of its solvent of crystal- 
lization, it still contains one methoxyl group which was found to 
belong to the sugar. Like cymarin and other glucosides of the 
desoxy sugars it is readily hydrolyzed by acid to the aglucone 
periplogenin and a methyl ether sugar. Although the latter was 
obtained as a low melting crystalline substance the limited 
material at our disposal prevented its preparation for analysis and 
possible identification with cymarose, C;H,,O,. This will be 
attempted when more material is available. 

On the other hand, the aglucone was readily obtained in the 
crystalline form described by Lehmann for his substance. The 
analyses of our periplogenin were in best agreement with the 
formula C2;H;,O; as required for the above formulation of peri- 
plocymarin. This result differs from C2,H;,O;, the formula 
adopted by Lehmann. However, as we shall see, our conclusion 
has been confirmed by the analysis of a number of the derivatives 
of the substance. Periplogenin is isomeric with gitoxigenin which 
we have found to possess also the formula C.3H,O;. Although 
neutral, periplogenin when boiled with alkali takes up 1 equiva- 
lent due to the saponification of a lactone group. On catalytic 
hydrogenation it absorbs 1 mol of hydrogen with the formation of 
dihydroperiplogenin. Periplogenin is, therefore, an unsaturated 
lactone. The double bond is associated with the lactone group 
since it gives the Legal reaction and its dihydro derivative no 
longer reacts with nitroprusside. Periplogenin does not combine 
with ketone reagents. It possesses three hydroxyl groups of 
which only one can be directly benzoylated. 

Of great importance are the results obtained in the study of the 
action of alkali on periplogenin. In methyl alcoholic alkali 
periplogenin is isomerized to an iso compound, isoperiplogenin, 
in a manner exactly analogous to that ascertained in the case of 
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strophanthidin and digitoxigenin. The beautifully crystallizing 
iso derivative proved to be structurally analogous to isostrophan- 
thidin® and isodigitoxigenin.” Like these substances, it no longer 
gives the nitroprusside reaction and cannot be hydrogenated. 
On saponification it yields a hydroxyaldehydo acid. This 
hydroxyaldehydo acid in solution as a salt was oxidized by sodium 
hypobromite directly in the lactol form to the salt of a lactone 
acid, isoperiplogenic acid, Cz3H3,06, which was isolated in beauti- 
fully crystallizing form. This formulation was confirmed by its 
titration and the analysis of its methyl ester. These results permit 
the conclusion that periplogenin like strophanthidin, digitoxigenin, 
and gitoxigenin is a A® ’-lactone possessing 23 carbon atoms and 
is composed of 4 saturated rings. The lactone group consists of 
a side chain which is attached by its 8-carbon atom to a ring con- 
taining a hydroxyl group, presumably tertiary in character. 
This hydroxyl is attached to a carbon atom probably y to the 
y-carbon of the lactone ring, as shown in the partial Formula I. 


Cc Cc 





CH.—__-C———C CH: CH——CH 


| | | | | | 


CO CH, Hoc f/f cO CH Cc 

















a i\ ww Mw TN 
O iC O 0 Cc 
I. Il. 
Cc c| 
VA 
a CH, CH—CH | 
| | | | | 
COOH HOCH C f[ COOH CO C | 
~ SiN \ 4'\ 
Oo: Cc O | 
III. IV. 


Under the influence of alkali the iso compound is formed with 
the formation of a new ring as shown in Formula II. On saponi- 


6 Jacobs, W. A., and Gustus, E. L., J. Biol. Chem., 1927, Ixxiv, 811. 
7 Jacobs, W. A., and Gustus, E. L., J. Biol. Chem., 1928, Ixxviii, 573. 
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fication this gives an acid which may exist in the lactol form, 
Formula III, and this in turn may be oxidized directly to the 
lactone acid (Formula IV). 

Owing to the very limited amount of material at our disposal, we 
have not been able to complete all of the steps which were studied 
in the case of isostrophanthidin and isodigitoxigenin. The prep- 
aration of an oxime from the ester of isoperiplogenic acid and 
other transformations must await the acquisition of more material. 
We have carried through a series of reactions in which isoperi- 
plogenin was saponified to isoperiplogeninic acid, the latter 
esterified with diazo methane, and the resulting methyl ester 
oxidized with chromic acid to a ketolactone ester. The attempt 
was made to isolate only the last substance but unfortunately it 
was obtained in too small an amount to permit of satisfactory 
purification for analysis. We hope to be in a position to return 
to these substances as well as to the general problem of the further 
correlation of periplogenin with strophanthidin and the digitalis 
aglucones. Finally, an attempt is being made to procure more 
plant material in order to prepare the crystalline periplocin of 
Lehmann for further study. It appears probable that this sub- 
stance is a polysaccharide glucoside of periplogenin analogous to 
K-strophanthin-8, which may be cleaved by the enzyme to glucose 
and periplocymarin. The fact that Lehmann, after acid hydrol- 
ysis, was unable to prepare an osazone is suggestive of the similar 
experience which we have described in the case of K-strophanthin- 
8. And finally, the analytical figures reported by him for peri- 
plocin are in accordance with this view, especially if the assump- 
tion is made that the substance analyzed by him retained 1 mol 
of water. This may be seen from the following. 


Lehmann’s analysis. C 60.42, H 8.4. 
CseH 5601s. “* 62.03, ‘* 8.10. 
CseHseO13-H20. ‘ 60.46, “ 8.18. 


EXPERIMENTAL. 


Periplocymarin.—The thick stems and branches of Periploca 
greca still containing the bark were received in a dry condition 
from Ssouchum (Black Sea district), Russia. This material was 
ground in a drug mill to a fine powder. 
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6.5 kilos of this powder, which was mostly cellulose, were ex- 
tracted several times with 20 liters of 70 per cent alcohol. The 
extracts were precipitated with basic lead acetate and then filtered 
from an appreciable amorphous precipitate. The filtrates were 
treated with an excess of sodium phosphate to remove the dis- 
solved lead and were again filtered. The combined filtrates were 
then concentrated under diminished pressure to remove the 
alcohol. During this process, which was made difficult by 
foaming, appreciable amounts of resinous material separated, and 
when the concentration was carried to a certain point a gum also 
began to deposit. At this point the mixture was extracted with 
ether in order to remove the resinous material. The aqueous 
solution was then further concentrated to about 1500 cc., causing 
the deposition of an appreciable amount of gum. The mixture 
was extracted several times with chloroform. During this time 
the gum remained as an intermediate layer between the chloroform 
and aqueous layers. The chloroform extract after concentration 
yielded a resinous residue which gave only a weak Keller-Kiliani 
reaction. 

The aqueous layer was decanted from the gum and because of 
appreciable acidity it was brought to a pH of about 6.0 with 
sodium carbonate solution. A concentrated solution of 2.5 gm. 
of strophanthobiase prepared from Strophanthus courmonti seeds 
was then added, followed by chloroform for preservation, and the 
mixture was kept at 38° for 7 days. The mixture was directly 
extracted four or five times with chloroform. In the course of this 
process rather persistent emulsions were formed. 

The chloroform extract was washed with a little dilute sodium 
carbonate solution which removed some light brown coloring 
matter. The dried chloroform extract after concentration to 
smaller volume gave, with petrolic ether, a colorless precipitate. 
After collection this was found to crystallize readily under methyl 
alcohol. After collection with methyl alcohol, 1 gm. of peri- 
plocymarin was obtained. 

The above aqueous enzyme solution after extraction was treated 
again with 2.5 gm. of enzyme, and after standing for 2 weeks at 
38° was extracted with chloroform as before, and by the procedure 
previously used gave an additional 0.6 gm. of crystalline gluco- 
side. The enzyme solution was then returned to the thermostat 
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and after 3 months yielded 1.3 gm. more. The total yield was 
2.9 gm. 

Recrystallized from methyl alcohol, periplocymarin separates 
as lustrous needles which contain approximately 1 mol of methyl 
alcohol; this is partly lost on air-drying and completely lost on 
drying at 100° under diminished pressure. It sinters at about 
138° and melts at 148°. In melting point, general appearance, 
and solubilities it resembles cymarin very closely. The alcoholic 
solution of periplocymarin is decidedly bitter but the taste is not 
nearly so marked as that of cymarin. It is readily soluble in 
chloroform, acetone, and ethyl alcohol and less readily in methyl 
alcohol. It is very sparingly soluble in water and practically 
insoluble in ether. Due to the presence of a desoxy sugar the 
glucoside gives the characteristic Keller-Kiliani reaction. It is, 
therefore, readily hydrolyzed in the cold to the aglucone and the 
sugar. 

[a]? = +29 (c = 0.943 in 95 per cent alcohol for the anhydrous 
substance). 

For analysis the substance was dried at 100° and 20 mm. 


Air-Dry Substance. 
4.282 mg. substance: 3.181 mg. Ag I. 
CyoHis0s-CH;OH. Calculated. OCHs, 10.94. Found. 9.80. 
Dried Substance. 
3.307 mg. substance: 2.550 mg. H.O, 8.134 mg. COs. 


eee Se 
4.070 “ “ 21.748 “ AgI. 
CssHwOs. Calculated. C 67.37, H 8.68, OCH; 5.80. 
Found. “ 67.08, “ 8.63. 
“ “ 67.33, “ 9.00. 
7 OCH; 5.67. 


400 gm. of fresh Periploca greca stems and branches obtained 
from the Harvard Arboretum, when worked up with enzyme in the 
manner previously described, yielded 0.2 gm. of periplocymarin 
which agreed in all properties with the substance described above. 

Periplocin-Merck, which was used for the following experiments, 
formed a light tan-colored powder in which no crystalline structure 
could be detected, and all preliminary attempts with the limited 
amount of material at our disposal failed to give by direct methods 
a crystalline product. The substance was obviously a complex 
mixture, as the following experiment showed. 
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1 gm. of amorphous periplocin-Merck was dissolved in 100 ce. of 
water. When extraction of the solution with chloroform was 
attempted, a tenacious emulsion formed. However, when a 
solution of 0.2 gm. of strophanthobiase in 2 cc. of water was 
added, the emulsion rapidly cleared and the aqueous solution 
could be readily extracted with chloroform. The extraction was 
repeated several times. The washed and dried chloroform ex- 
tracts yielded on concentration a resinous residue of 0.1 gm. which 
could not be made to crystallize and which gave a weak, atypical 
Keller-Kiliani reaction. 

The remaining aqueous fraction containing the enzyme was 
allowed to stand 7 days at 38° and was then extracted with chloro- 
form as in the previous cases. The residue from the chloroform 
readily crystallized in characteristic form under methyl alcohol 
and yielded 0.17 gm. of needles which sintered above 135° and 
melted at 145-148°. This material proved to be identical in all 
respects with the periplocymarin obtained from the other sources. 
In a second experiment in which 5 gm. of periplocin-Merck were 
digested with enzyme, 1.4 gm. of amorphous substance was obtained 
by precipitation of the concentrated chloroform extracts with 
petroleum ether. This material gave 0.8 gm. of pure substance 
when it was twice recrystallized from methyl alcohol. 

For analysis, the substance was dried at 100° and 20 mm. 


0.1003 gm, substance: 0.0803 gm. H,0, 0.2462 gm. COs. 


0.1001 “ - : 0.0795 “ , ta - * 
0.0831 “ ° : 0.0359 “ AgTI. 
CzoH«Os. Calculated. C 67.37, H 8.68, OCH; 5.80. 
Found. * 66.95, “‘ 8.96. 
” os > ae 
" OCH; 5.71. 


Periplogenin.—0.9 gm. of periplocymarin (from the Ssouchum 
plant) was dissolved in 9 cc. of alcohol and the solution was 
treated with 18 cc. of 10 per cent hydrochloric acid. The mixture 
was then left at room temperature for 4 hours. On dilution and 
rubbing the “genin’’ slowly crystallized as plates and long prisms. 
After standing at 0° overnight, the substance was collected with 
water. 0.45 gm. was directly obtained. The mother liquor to 
which a little aleohol was added to hold in solution the portion 
of aglucone still dissolved was treated with silver carbonate and 
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filtered. The filtrate was freed from traces of silver by hydrogen 
sulfide, then cleared with bone-black, and finally concentrated 
under diminished pressure. The residue when treated with a small 
volume of water yielded an additional 0.1 gm. of periplogenin, a 
total of 0.55 gm. or 90 per cent of the theory. 

Upon recrystallization by careful dilution of its alcoholic 
solution, periplogenin separates as small prisms which contain 
when air-dry about 1.5 mols of H.O. It melts with effervescence 
when rapidly heated at 135-140°. The melting point, however, 
varied with different preparations and appeared to depend upon 
the form in which it crystallized. On several occasions when it 
was recrystallized from dilute alcohol a melting point of 168-169° 
was observed. When recrystallized from methyl alcohol, it 
formed stout prisms which sintered at 140° but did not melt until 
235° and contained methyl alcohol of crystallization. No at- 
tempt was made to investigate the causes of the variable melting 
points, an experience which we have frequently encountered with 
strophanthidin and its derivatives. For the periplogenin which 
he described, Lehmann reported a melting point of 185°. The 
behavior of the periplogenin samples from our three different 
sources towards sulfuric acid also differed somewhat from that 
described by Lehmann for his substance. According to the latter, 
periplogenin crystals are colored blue at once when covered with 
sulfuric acid; then as the crystals dissolve the color changes to 
rose and finally disappears. All of our substances, when covered 
on a watch-glass with sulfuric acid, dissolved at once with an 
orange-yellow or bright golden color. When the mixture stood 
exposed to the air, a deep indigo blue developed around the rim, 
finally extending through the whole solution. 

The solubilities and rotations were found to be as reported by 
Lehmann. [a]; = +31.5° (ec = 1.04 in alcohol). Lehmann 
found [a] = +30° in alcohol. 

Periplogenin does not contain a methoxyl group, and although 
a neutral substance it consumes 1 equivalent on boiling with 
alkali, due to the lactone group. It gives a strong, positive Legal 
test. In an attempt to prepare an oxime, periplogenin was 
recovered unchanged. 

For analysis, the air-dried substance was dried at 100° and 20 
mm. 
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2.999 mg. substance: 0.193 mg. H:0. 
C23;3H30;-14 HO. Calculated. H.O 6.47. Found. H.O 6.50. 
2.922 mg. substance: 2.242 mg. H:O, 7.590 mg. COs. 


2.806 “ o 1? So C* 
C23:3H3,0;. Calculated. C 70.72, H 8.78. 
Found. ** 70.83, “‘ 8.58. 
- ** 70.86, “‘ 8.88. 


For the titration, 14.7 mg. of substance were refluxed for 2 
hours with 0.5 ec. of aleohol and 0.80 cc. of 0.1 N NaOH and 
titrated back against phenolphthalein. Calculated for 1 equiva- 
lent, 0.38 cc. Found, 0.39 ce. 

Periplogenin Benzoate——In pyridine solution with benzoyl- 
chloride, a monobenzoate was readily obtained. When it was 
recrystallized from 95 per cent alcohol, it formed sparingly 
soluble, stout, glistening wedges which lost nothing when heated 
at 100° and 20 mm. When it was rapidly heated, the substance 
melted at 235°, although this was found to depend upon the rate of 
heating. 


3.917 mg. substance: 2.800 mg. H,O, 10.428 mg. COr. 
CsoH3s0¢. Calculated. C 72.83, H 7.75. 
Found. ** 72.60, “* 8.00. 


Dihydroperiplogenin.—Periplogenin after careful recrystalliza- 
tion from glass-distilled solvents was hydrogenated with an active 
platinum black. 0.15 gm. of substance absorbed within an hour 
10 cc. or 1 mol of H,. The absorption then stopped. The filtrate 
on evaporation readily yielded the dihydro compound as flat 
prisms, plates, or broad, stout needles which were collected 
with 25 per cent alcohol. After recrystallization from dilute 
alcohol it melted at 204° after slight preliminary softening. The 
substance is easily soluble in alcohol, acetone, and chloroform 
and very sparingly soluble in ether and water. It gives no color 
reaction with sodium nitroprusside. 

For analysis the substance was dried at 100° and 20 mm. 


3.174 mg. substance: 2.583 mg. H.O, 8.202 mg. CO». 


4.60“ “ °:3975 “ “ 12.0600“ « 
CxsHxO;. Calculated. C 70.36, H 9.25. 

Found. “70.47, * 0.30. 

- ** 70.57, “* 9.54. 
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Isoperiplogenin.—Periplogenin was shaken in 30 parts of methyl 
alcoholic sodium hydroxide (2 gm.: 100 ce.) to facilitate solution. 
After several hours the solution was carefully neutralized with 
acetic acid and concentrated to remove the alcohol. The sodium 
salt of the iso acid which was formed by saponification remained 
as needles and was easily soluble in water. When the solution 
was acidified to Congo red with hydrochloric acid an amorphous 
precipitate formed, which gradually crystallized. Recrystallized 
from alcohol, isoperiplogenin formed practically anhydrous 
leaflets which melted at 258° after preliminary softening. From 
dilute alcohol the substance separates as broad platelets and 
bundles of needles or long, narrow leaflets which melted at 248°. 
The substance is soluble in chloroform, acetone, and alcohol and is 
practically insoluble in ether and water. It does not give the 
nitroprusside test. Its behavior with sulfuric acid is very char- 
acteristic. When covered on a watch-glass with this reagent, 
it dissolves at once, forming a deep claret-colored solution. Around 
the edges a blue color slowly develops, as in the case of peri- 
plogenin, and finally extends through the solution. 


2.820 mg. substance: 2.244 mg. H.0, 7.323 mg. CO». 
Cx3HO;s. Calculated. C 70.72, H 8.78. 
Found. “Pm, * 3... 


Isoperiplogenic Acid.—0.1 gm. of isoperiplogenin was covered 
with 0.5 ce. of pyridine and 2 cc. of 0.5 Nn NaOH and shaken until 
dissolved due to saponification. The mixture was carefully 
neutralized with acetic acid and then treated with 1 cc. of a solu- 
tion of bromine in N NaOH containing 60 mg. per ce. After it had 
stood for 1 hour, acidification with acetic acid caused the prompt 
precipitation of the crystalline lactone acid. After collection with 
water it was recrystailized by careful dilution of its alcoholic solu- 
tion. It formed lustrous six-sided leaflets which contained water 
of crystallization. The substance melts with effervescence at 215°. 
It is soluble in alcohol and acetone and but sparingly soluble in 
chloroform. In ether and water it is practically insoluble. In 
sulfuric acid it forms a deep amber-colored solution. 

The substance as above obtained separates apparently with 1 
mol of water of crystallization which it partly loses on standing in 
a desiccator. However, after it was attempted to remove the 
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water entirely by drying at 100° and 20 mm., the analytical results 
obtained with several preparations indicated the retention of 0.5 
mol of water in the dried samples. 


Sample A. 4.056 mg. substance: 3.102 mg. H.O, 9.870 mg. COs. 


” B. 3.384 “ ” > 2.650 “ 2a. ~ 
C23H340c. Calculated. C 67.99, H 8.44. 
C23H30¢-4 H20. ” ** 66.46, ‘* 8.50. 


Found. Sample A. “ 66.36, “‘ 8.56. 
- = B. “6.2, “* 8.B. 


10.834 mg. of dried substance were treated with 1 cc. of alcohol 
and titrated directly against phenolphthalein with 0.1 N NaOH. 
Calculated for 1 equivalent for C2s3H3;0.-3H2O, 0.261 cc. Found, 
0.266 ce. 

3 cc. additional of 0.1 N NaOH were then added and after being 
refluxed for 4 hours the solution was titrated back. Calculated 
for 1 equivalent, 0.261 ce. Found, 0.267 ce. 

On acidification of the above titration solution to Congo red the 
lactone acid again slowly crystallized after lactonization occurred. 

Isoperiplogenic Methyl Ester—The above acid, when treated 
with diazo methane in acetone solution, readily yielded the ester 
which crystallized from acetone as long prisms and needles which 
melted at 252°. The ester is soluble in descending order in chloro- 
form, acetone, and methy] alcohol and practically insoluble in ether. 
Correct analytical figures were obtained with this derivative. 


3.546 mg. substance: 2.782 mg. HO, 8.883 mg. CO2. 


3.582 ‘ ” : 2.794 * “ 8.990 ‘ . 
CosH3sOs. Calculated. C 68.53, H 8.64. 
Found. os Meee tf 
- “* 68.44, * 8.73. 
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STROPHANTHIN. 
XV. HISPIDUS STROPHANTHIN. 


By WALTER A. JACOBS anp ALEXANDER HOFFMANN. 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, June 25, 1928.) 


The work of Heffter and Sachs! and that of Brauns and Closson* 
have shown that the strophanthin obtained from Strophanthus 
hispidus seeds is a strophanthidin derivative like the strophanthins 
which occur in the seeds of Strophanthus kombe. ‘The former 
workers reached the conclusion from a comparison of the so called 
amorphous strophanthins from both plants that they are identical 
or certainly very closely related. It was noted, however, by 
both groups of workers that a crystalline strophanthin could not 
be obtained from hispidus seeds as in the case of the kombe variety. 
Finally, all attempts to ascertain the nature of the sugar in the 
strophanthins from both sources were unsuccessful and in no case 
could an osazone be obtained. 

In previous communications,’ we have shown that the so called 
“crystalline K-strophanthin” is a mixture of cymarin, gluco- 
sidocymarin (K-strophanthin-8), and amorphous polyglucosido- 
cymarins, and that the so called “amorphous K-strophanthin”’ is 
likewise a mixture of glucose cymarin derivatives which could be 
hydrolyzed to glucose and cymarin by means of strophanthobiase, 
an enzyme prepared from Strophanthus (courmonti) seeds. 

Since no crystalline strophanthin had been obtained from 
hispidus seeds by previous workers, the question was raised in 
our minds as to the identity of the strophanthins from both sources, 


1 Heffter, A., and Sachs, F., Biochem. Z., 1912, xl, 83. 

2 Brauns, D. H., and Closson, O. E., J. Am. Pharm. Assn., 1913, ii, 489, 
604, 715. 

3 Jacobs, W. A., and Hoffmann, A., J. Biol. Chem., 1926, lxvii, 609; 1926, 
Ixix, 153. 
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at least in respect to the carbohydrate portion of the molecule, 
It was hoped, therefore, that the method which permitted the 
complete characterization of the strophanthins occurring in 
Strophanthus kombe seeds might be applied also in this case. 

Through the very generous cooperation of Drs. Wilbur A. 
Sawyer and Henry Hanson of the International Health Division 
of the Rockefeller Foundation and Mr. J. R. Ainslie, Senior 
Conservator of Forests, Ibadan, Nigeria, we have received several 
batches of Strophanthus hispidus seeds of certain identity, with 
which the present investigations have been made. 

The seeds were ground and defatted with ligroin. 800 gm. of 
this powder were extracted four times with 70 per cent alcohol at 
room temperature. The combined extracts were precipitated 
with basic lead acetate and the excess lead was then removed from 
the filtrate by ammonium sulfate solution. Concentration of the 
clear amber-colored filtrate to about 1 liter caused the deposition 
of a small amount of oily resin which was removed by repeated 
extraction of the mixture with ether. The aqueous solution was 
then extracted three times with about 100 cc. of chloroform. The 
chloroform extract was washed with a little dilute sodium carbon- 
ate solution, dried, and then concentrated to small bulk. Petrolic 
ether gave a copious, amorphous, flocculent precipitate which 
after collection weighed 3.4 gm. This material, which gave a 
strong Keller-Kiliani reaction, was dissolved in 10 cc. of methyl 
alcohol. After it was seeded with cymarin and kept at 0° for 
several days, a slow crystalline crust separated. This was col- 
lected with cold methyl alcohol. 0.7 gm. of substance was 
obtained. 

After recrystallization from methyl alcohol it formed stout, 
short, thick prisms which melted with slow effervescence at 147- 
153°. The substance gave a strong Keller-Kiliani desoxy sugar 
reaction and proved to be identical in all respects with cymarin. 
la], = +36° (c = 0.945 in 95 per cent alcohol for the dried 
substance). 


Air-Dry Subtance.—Dried at 100° and 20 mm. 
2.628 mg. substance: 2.016 mg. Agl. 
CyoHwOy-CH;OH. Calculated. 2(OCH;), 10.69. Found, (OCHs), 10.12. 
” CH;OH, 5.52. Found, 5.20. 
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Dry Substance. 
3.237 mg. substance: 2.367 mg. HO, 7.745 mg. COs. 
CsoHuO>. Calculated. C 65.66, H 8.09. 
Found. “o.25.” 3. 


When it was hydrolyzed in the usual way, strophanthidin was 
obtained in characteristic form and melting point, 177-178°. 


3.068 mg. substance: 2.255 mg. H.O, 7.505 mg. COs. 
Co3H 3206-3 H,0. Calculated. Cc 66.79, H 8.05. 
Found. ** 66.70, “* 8.22. 


The mother liquor from the 0.7 gm. of cymarin yielded very 
little more crystalline cymarin on further manipulation since 
most of the material was of undetermined, non-crystalline 
character. 

From the aqueous solution containing the chloroform-insoluble 
glucosides, the chloroform which adhered to the solution after the 
extraction process was removed by suction and the remaining 
clear aqueous solution was saturated with ammonium sulfate. A 
copious gummy precipitate of strophanthin formed, which 
slowly hardened to a resin. The supernatant solution was 
decanted and the resin was covered with absolute alcohol. The 
strophanthin gradually dissolved, leaving crystals of ammonium 
sulfate which were sucked off and washed with alcohol. The 
filtrate after concentration to dryness at 20 mm. left a light 
amber-colored gum which was again dissolved in absolute alcohol, 
leaving a small amount of resinous material and ammonium 
sulfate. The filtrate was again concentrated and the residue was 
dissolved in 400 ce. of water. This solution contained no free 
reducing sugars. 

100 ce., or one-quarter of this solution, were treated with acid 
and hydrolyzed in the usual manner for strophanthidin. This 
was obtained in copious amount and after recrystallization weighed 
28 gm. It melted at 176-177° with effervescence and proved to 
be identical in all respects with strophanthidin. 


3.805 mg. substance: 2.870 mg. H,O, 9.315 mg. COs. 
C23sHs20¢6-4 HO. Calculated. C 66.79, H 8.05. 
Found. “* 66.83, “* 8.43. 


The remainder (300 cc.) of the aqueous solution of the amor- 
phous strophanthin, which was somewhat acid, was carefully 
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neutralized to litmus. The solution was treated with 0.5 gm. of 
strophanthobiase obtained from Strophanthus courmonti seeds 
and which exhibited a strong action on K-strophanthin. After 
10 days at 38°, the solution gave a reduction with Fehling’s 
solution equivalent to 6.7 mg. of glucose per cc. Since this did 
not increase appreciably after 3 days, the mixture was directly 
extracted a number of times with chloroform. The dried and 
concentrated chloroform extract gave with ligroin an amorphous 
precipitate which after collection weighed 1.7 gm. This material 
gave a very weak Keller-Kiliani reaction and from it no crystalline 
cymarin could be obtained. The aqueous solution containing the 
unaffected glucosides and the sugar, which had been cleaved by 
the enzyme, were precipitated with ammonium sulfate and the 
supernatant solution was decanted from the copious gummy 
strophanthin. The decanted solution was poured into a large 
volume of alcohol to precipitate the salt and the filtrate was 
concentrated to dryness. From the residual sugar syrup 0.2 
gm. of an osazone was obtained. This melted at 210° and ex- 
hibited the following optical behavior. 0.1 gm. dissolved in a 
mixture of 2 cc. of pyridine and 3 cc. of alcohol in a 0.5 dm. 


tube showed a, = —0.67° immediately after solution. After 
19 hours a, = —0.38°. The substance was, therefore, d-glucosa- 
zone. 


2.944 mg. substance: 1.730 mg. H,O, 6.488 mg. COs. 
C;sH2O0iN,. Calculated. Cc 60.30, H 6.19. 
Found. * 60.13, “* 6.56. 


The strophanthin gum was dissolved again in alcohol and treated 
in the manner previously described in order to remove the 
ammonium sulfate used for its precipitation and was finally 
brought to a solution in 250 cc. of water. This solution showed a 
reducing action for Fehling’s solution corresponding to 0.85 mg. 
of glucose per cc. 

An enzyme preparation from Strophanthus hispidus seeds was 
then made as follows. 100 gm. of Strophanthus hispidus seeds, 
after being ground and defatted, were extracted with 500 cc. of 
thymol water. The filtrate was precipitated with 4 volumes of 


4 Levene, P. A., and La Forge, F. B., J. Biol. Chem., 1915, xx, 429. 
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alcohol and after being allowed to settle was decanted. The 
precipitate was treated several times with alcohol and was finally 
collected with absolute alcohol and dried thoroughly over calcium 
chloride. This material was used as such by dissolving it as needed 
in about 5 parts of water. The enzyme proved to be very active 
towards K-strophanthin-8, since 0.1 gm. of the enzyme caused 
practically complete cleavage of 0.2 gm. of the glucoside into 
glucose and cymarin in 24 to 48 hours. 

200 cc. of the strophanthin solution were treated with a solution 
of 1 gm. of hispidus enzyme and digested at 38°. After 7 days the 
solution gave a reduction corresponding to 18 mg. of glucose per cc. 
After 11 days this increased to 19 mg. per cc. The solution was 
then treated with 4 volumes of alcohol to coagulate the enzyme 
and after being filtered through bone-black the alcohol was dis- 
tilled off. The aqueous solution was extracted several times with 
chloroform. During this process, an intermediate layer of 
resinous material formed, which had not been observed before the 
action of the enzyme. This layer redissolved on further dilution 
with water. The chloroform extract, after being washed, dried, 
and concentrated, gave an appreciable precipitate with ligroin. 
The yield was 1.6 gm. Upon dissolving in a few cc. of methyl 
alcohol, it partly crystallized when it was seeded with cymarin 
in characteristic form. After standing in the refrigerator, this 
was collected with methyl alcohol. The yield was 0.5 gm. 

After recrystallization from methyl alcohol, the cymarin 
crystallized in the usual form as prisms and needles which melted 
and effervesced at 145-146° after preliminary softening. 


Air-Dry Substance.—Dried at 100° and 20 mm. 
4.045 mg. substance: 0.235 mg. CH;OH. 
C30HyO»9-CH;OH. Calculated. CH;0OH 5.52. Found. CH;OH 5.81. 
Anhydrous Substance. 
3.810 mg. substance: 2.871 mg. H:O, 9.177 mg. CO. 
CsoHasO>. Calculated. C 65.66, H 8.09. 
Found. ** 65.68, “* 8.43. 


The mother liquor from the cymarin on evaporation dried to a 
glass which could not be crystallized. 

The above aqueous solution, which remained after extraction 
with chloroform of the cymarin liberated by the enzyme, was 
freed from adhering chloroform and was precipitated with am- 
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monium sulfate. A copious precipitate of gummy strophanthin 
was again formed. The supernatant liquor containing the free 
sugar was decanted. The latter was mixed with several volumes 
of alcohol, filtered from ammonium sulfate, and was then con- 
centrated to a syrup. The syrup was again dissolved in 85 
per cent alcohol and was then filtered from further amounts of 
ammonium sulfate. The alcoholic filtrate on concentration left 
the sugar solution which was made up to 50 cc. with water. 1 ce. 
of this gave a reduction with Fehling’s solution which indicated 
0.0404 gm. per cc. for glucose. a, = +2.14° or [a], = +53° 
(ec = 4.04). For glucose, [a], = +52.5°. 

That the sugar is, therefore, glucose was confirmed by the prep- 
aration of the phenylosazone in the usual manner. After 
recrystallization from 70 per cent alcohol this melted at 210-211°. 
In its optical behavior the osazone also showed that required for 
phenylglucosazone. For the solution of 0.1 gm. in a mixture of 
2 ce. of pyridine and 3 ce. of alcohol in a 1 dm. tube a, = —1.30° 
immediately after solution. After 24 hours a, = —0.68°. 


3.370 mg. substance: 1.912 mg. H.O, 7.430 mg. CO. 
CisH2:04N,. Calculated. Cc 60 30, H 6.19. 
Found. ** 60.12, ** 6.35. 


The amorphous gummy strophanthin recovered from the enzyme 
experiment was separated from ammonium sulfate as previously 
described. A solution in 100 ce. of water was then made with the 
recovered strophanthin and subjected again to the action of 1 gm. 
of fresh hispidus enzyme. After 1 week the mixture was ex- 
tracted with chloroform. This yielded 0.3 gm. of recrystallized 
cymarin along with non-crystallizable resinous material. Most 
of the strophanthin remained, however, in the aqueous layer and 
could be recovered with ammonium sulfate. 

Several parallel attempts to cleave the amorphous strophanthin 
with strophanthobiase from Strophanthus courmonti failed to 
yield any crystalline cymarin although in several instances 
evidence of slight cleavage of sugar was noted. 

From these experiments the following conclusions may be 
drawn. In confirmation of Heffter and Sachs and Brauns and 
Closson, the aglucone of hispidus strophanthin is identical with 
the strophanthidin of the kombe strophanthins. Hispidus 
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strophanthin like kombe strophanthin is a mixture of glucosides. 
Among these cymarin occurs both free and combined with glucose 
but here the analogy stops. The nature of the union between 
cymarin and glucose may be different from that in which it occurs 
in kombe strophanthin, since its cleavage can be accomplished only 
slowly and incompletely by means of the special enzymes occurring 
in hispidus seeds. Whether other sugars or substances enter into 
the make-up of these glucosides and cause this relative resistance 
to enzyme cleavage has not been determined. Where cleavage 
has occurred, however, only glucose and cymarin have been 
identified. Hispidus strophanthin is, therefore, chemically differ- 
ent from K-strophanthin. This fact should be recognized and 
considered before the pharmacological equivalence of the stro- 
phanthin mixtures obtained from both sources is assumed. 
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XVI. DEGRADATION IN THE ISOSTROPHANTHIDIN SERIES. 
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(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, July 3, 1928.) 


The interrelationships as regards allocation of the three hydroxyl 
groups, the aldehyde group, and the unsaturated lactone group of 
the strophanthidin molecule have been deduced by methods 
presented in previous studies in the strophanthidin and iso- 
strophanthidin series.! These relationships are represented in the 
accompanying graphic formula in which we have now adopted 
numerical designations for the individual carbon atoms and rings. 





1 
CHO OH 
| 
2CH nC 
‘ 8 7 \3/ENas 
CH:—C—=C CH CH; 
| 2 3.8 3 


"CO "CH; *COH ‘COH “CH 
Ww FAs 
O ‘CH 


I. 


Since recent work has shown that substances such as peri- 
plogenin? and digitoxigenin,*? which do not possess free carbony] 
groups, may nevertheless be isomerized to iso compounds, it now 
appears that the assumption is not necessary that enolization of 


1 Jacobs, W. A., and Gustus, E. L., J. Biol. Chem., 1927, Ixxiv, 795, 805, 
811, 829. 

* Jacobs, W. A., and Hoffmann, A., J. Biol. Chem., 1928, Ixxix, 519. 

* Jacobs, W. A., and Gustus, E. L., J. Biol. Chem., 1928, Ixxviii, 573. 
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the aldehyde group is the determining factor in the shift of the 
double bond. Carbon atom 7 is, therefore, not the only point 
which may be considered as the place of attachment of the lactone 
group, which previous oxidation experiments with trianhydro- 
strophanthidin have definitely shown to be situated on a carbon 
atom of ring I. Carbon atom 5 may also be considered in this 
regard. 

Although the relative positions of the hydroxyl groups pre- 
viously adopted appear to rest on good evidence, it is nevertheless 
desirable to supplement this in other ways, especially by means of 
oxidative degradation, and to carry on more extensive structural 
studies by this method. For this purpose we have attempted to 
develop further the opening made in the previously reported 
oxidation experiments with trianhydrostrophanthidin. Unfor- 
tunately a continuation in this direction has been temporarily 
halted by the unpromising yields of the substances obtained, so 
that our attention has been directed to the isostrophanthidin 
series. The substance which appeared as a promising starting 
point is anhydro-a-isostrophanthonic acid‘ or its ester, for which 
Formule II and III may be considered. 





COOR COOR 
CH = CO 20 co 
a NSN 
CH:—CH——CH  C CH, CH.—CH—-CH C_ CE 
| | | | | | | | | | 
ROOC CO C C Cc ROooCc CO C CH C 
iss ad Od 
O CH ) CH 
II. III. 


Since this substance does not give the Legal test, Formula III 
is to be preferred. In the first case the substance would be a 
A”’-ester and the hydrogen attached to carbon atom 2 should 
be active and give the Legal reaction. The substance with 
Formula II, however, must be the precursor of anhydro-a- 
isostrophanthonic ester (III). 


* Jacobs, W. A., and Gustus, E. L., J. Biol. Chem., 1927, Ixxiv, 819. 
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Both substance III and its parent compound, a-isostrophan- 
thonic dimethyl ester, are unaffected under ordinary conditions 
by chromic acid, the reagent used for the preparation of the latter. 
On the other hand, a difference was noted in their behavior towards 
permanganate. Whereas the saturated substance proved to be 
quite resistant to the action of this reagent in acetone solution, 
the unsaturated derivative was rapidly oxidized. From the 
reaction mixture two acid products have been isolated which 
analyses have indicated to have the formule, C24H32O,) and 
C.;sH32010, respectively. The first substance proved to be the 
dimethyl ester of a tribasic lactone acid and could be more con- 
veniently purified after conversion into the neutral trimethyl 
ester, CosH3,09. This oxidation product was also obtained as the 
monomethyl ester by the oxidation of the monomethyl ester of 
anhydro-a-isostrophanthonic acid in aqueous solution with 
permanganate. 

The formation of this compound from the parent substance has 
obviously involved the rupture of ring II with the loss of 1 carbon 
atom. Investigation showed that it also possesses a carbonyl 
group and readily forms an oxime. The tribasic lactone acid has, 
therefore, been called undephanthontriacid. The neutral ester of 
this acid exhibited the characteristic behavior of a 8-keto ester and 
its formation from anhydro-a-isostrophanthonic dimethyl ester 
must have involved the steps pictured in the accompanying partial 
formule (IV to VI). 


yon COOCH; COOCH; 
| :' | 
c CO Cc ‘Cc CH 
ra? \ 4 
: C CH, C COH COOH C CO _ COOH 
| | | | | | | | 
c 6 c oC c C Cc Cc Cc 
— be aie ‘ae 
C C c 
IV. v. VI. 


A suggestive point has appeared in the difference in behavior 
towards 0.1 N alkali of the ester group of carbon atom 1 in the 
parent substance and of that in its oxidation product. As already 
noted* the one ester group in anhydro-a-isostrophanthonie di- 
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methy] ester is relatively resistant to the action of thisreagent. On 
the other hand in undephanthontriacid dimethyl ester, both ester 
groups are readily saponified. The relative stability in the former 
substance may be conditioned by the di-ortho substitution on 
either side of carboxyl 1. Ring cleavage at C* (cf. Formula I) 
should tend to remove steric hindrance and render the oxidation 
product more easily saponified. Since the saponification product 
was a 6-keto acid it was not isolated as such but after loss of CO, 
as the ketone duodephanthondiacid in which remain only 21 of the 
carbon atoms of the strophanthidin molecule (Formula IX). 
This substance was further characterized by the preparation of an 
oxime. 





COOH COOCH; 

| N | W 

CH, ~_N NaOH CH 0.1 N NaOH CH. 
4 r™ ™% 
Cc COOH COOH C Co COOH C co COOH 
| | | | I | | | | | 
C C Cc C C Cc C Cc C 
Fd —_ ae 

C C Cc 

VII. VIII. IX. 


When wn alkali was employed undephanthontriacid trimethyl 
ester underwent the acid decomposition (Formula VII), a fact 
which was shown by its consumption of 5 equivalents of alkali 
instead of 4. Unfortunately, the resulting tetrabasic lactone 
acid could not be isolated in crystalline form. The formationof 
this substance has involved the rupture of ring I, which is the 
first observation of this kind which has been made in our studies 
with strophanthidin. 

Undephanthontriacid trimethyl ester formed not only an oxime 
but also a phenylhydrazone which showed the characteristic 
property of a 6-keto ester derivative by forming when heated a 
phenyllactazam. 

The second substance which was isolated in smaller yield from 
among the oxidation products of anhydro-a-isostrophanthonic 
dimethyl ester has been more difficult to characterize and its 
relationship to the parent substance is, therefore, obscure. Titra- 
tion experiments showed it to be monobasic and that it possessed 
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the lactone group and the original two methyl ester groups. It did 
not appear to react with ketone reagents and could not be acylated. 
However, 2 active hydrogen atoms were shown with Grignard 
reagent. It showed also the interesting property of adding 1 mol 
of methyl alcohol when warmed with methyl alcohol containing 
mineral acid. The nature of these substances as well as their 
relationship to strophanthidin will be the subject for further 
studies. 
EXPERIMENTAL. 


Undephanthontriacid Dimethyl Ester.—A chilled solution of 10 
gm. of anhydro-a-isostrophanthonic dimethyl ester in 1250 cc. of 
absolute acetone was treated with a cold solution of 18 gm. of 
KMn0, in 1500 cc. of the same solvent. The mixture was allowed 
to stand at 11° until all of the permanganate had been used up— 
which required about 53 hours. The precipitated manganese 
dioxide was collected as rapidly as possible on a large Buchner 
funnel and washed twice with absolute acetone, sucked down well, 
and quickly transferred to a bottle containing 1500 gm. of crushed 
ice. The mixture was shaken until all ice had melted. After 
filtration the manganese dioxide was again shaken up with 700 cc. 
of water and, after filtration, this operation was repeated with 500 
ce. of water. The combined aqueous extracts were treated with 
7 gm. of ammonium sulfate to neutralize any fixed alkali and 
concentrated under diminished pressure to about 400 cc. Any 
separated material was redissolved by careful addition of ammonia. 
On being acidified with acetic acid an amorphous precipitate 
formed, which crystallized in greater part on standing. This was 
collected with water. Since purification, as the acid, was difficult, 
the substance was usually converted as the crude acid into the 
ester which had excellent properties. For analysis the acid was 
repeatedly recrystallized from methyl alcohol from which it 
separated as slender, curved needles which were collected with 
cold, 50 per cent methyl alcohol. The substance melts at 179-180° 
with slight preliminary sintering and gives the Legal test. It is 
soluble in the alcohols, chloroform, and acetone and more spar- 
ingly soluble in ether. 


3.592 mg. substance: 2.265 mg. H,0, 8.151 mg. COs. 


CxuH320>5. Calculated. C 62.03, H 6.95. 
Found. “eee * Tas. 
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0.0422 gm. of substance was covered with 2 cc. of alcohol and 
titrated directly against phenolphthalein. Found, 0.911 ce. of 
0.1 nN NaOH. Calculated for 1 equivalent, 0.909 cc. 10 ce. of 
0.1 n NaOH were then added and the solution was boiled for 4 
hours and titrated back. 2.938 cc. of 0.1 N NaOH were consumed. 
Calculated for 3 equivalents (two ester and one lactone groups), 
2.726 cc. The slight excess of that observed over the amount 
required by theory was due to slight simultaneous ring cleavage. 

The resistance to ring cleavage on boiling with 0.1 N NaOH was 
shown in a series of saponification experiments. After 3 hours 
boiling 4.06 equivalents of base were consumed; after 5 hours 
boiling, 4.22 equivalents; and after 7 hours boiling, 4.36 equivalents 
were consumed. Complete cleavage could be accomplished by 
the use of N alkali as shown in saponification experiments with the 
neutral trimethy] ester. 

Undephanthontriacid Trimethyl Ester—The previous acid as 
directly obtained was treated with diazomethane in acetone 
solution. After evaporation of the solvent, the residue readily 
crystallized. Reecrystallized from methyl alcohol the neutral 
ester forms long narrow platelets which melt at 154.5-155.5° and 
contain no solvent. It is easily soluble in acetone and chloroform 
and rather sparingly soluble in the cold alcohols and ether. It 
gives the Legal test but no coloration with ferric chloride. The 
ester reacted with both hydroxylamine and phenylhydrazine. 
All attempts to acylate it resulted in recovery of unchanged 
material, although the substance showed 1.6 active hydrogen 
atoms. Likewise, hydrogenation experiments proved negative. 
From 10 gm. of anhydro-a-isostrophanthonie dimethyl ester the 
yield of the ester was 2.7 to 3 gm. 


3.241 mg. substance: 2.051 mg. H.0O, 7.460 mg. CO:. 


3.318 “ ‘a > Tiles . i” ™ 
3.348 “ ™ : 3.443 “ Agi. 
3.068 “ si ae * = 
C2sH3O>. Calculated: Cc 62.73, H 7.17, OCH; 19.45. 
Found. “Ghee,  t0m 
a “ 62.61, “ 7.33. 
7 OCH; 19.36. 
- «19.30. 


0.0496 gm. substance gave 4.3 cc. CH, (25°, 758 mm.) or 1.65 mols for 
mol. wt. 478. 
0.0518 gm. substance gave 4.4 cc. CH, (25°, 758 mm.) or 1.62 mols. 
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Ring cleavage of the 8-ketonic group was shown by the following 
titration experiments with N alkali. 

0.0998 gm. substance was refluxed for 2 hours with 3 ce. of 
alcohol and 3 ec. of N NaOH and titrated back against phenol- 
phthalein. Found, 0.98 ec. N NaOH. Calculated for 4 equiva- 
lents, 0.84 cc.; for 5 equivalents, 1.04 ce. 

0.0892 gm. similarly refluxed for 2? hours consumed 0.918 ce. of 
n NaOH. Calculated for 5 equivalents, 0.933 ce. 

Attempts to isolate the tetrabasic lactone acid resulting from 
the ring cleavage or acid decomposition of this 8-keto ester were 
unsuccessful. Likewise attempts to prepare its ester resulted in 
non-crystalline substances. 

Undephanthontriacid Trimethyl Ester Oxime.—The trimethyl 
ester when heated in methyl alcoholic solution with hydroxylamine 
hydrochloride and potassium acetate formed slowly the oxime. 
For complete reaction heating for 30 hours at 100° was necessary. 
The oxime separated slowly after dilution. Recrystallization 
from methyl alcohol gave six-sided pillars which melted at 226- 
227° and contained no solvent of crystallization. The substance 
was dimorphous since on occasion it separated as rectangular 
plates which melted at 188—189° and was also solvent-free. These 
forms were interconvertible. 


4.299 mg. substance: 2.765 mg. H.O, 9.603 mg. COs. 


5.380‘ " : 0.5396 ‘* N (Van Slyke). 
5.486“ * tan 6“ ” 
C.;H3;09N. Calculated. C 60.81, H 7.15, N 2.84, 
Found. "eo, * Fae 
” N 2.86. 
as “287. 


Undephanthontriacid Trimethyl Ester Phenylhydrazone.—0.2 gm. 
of the ester and 0.05 gm. of phenylhydrazine were warmed a few 
moments in 3 ec. of acetic acid. After removal of the acetic acid 
in a desiccator the residue was taken up in a few cc. of methyl 
alcohol. On careful dilution a colored amorphous precipitate 
formed, which was collected with water. The substance when 
recrystallized from methyl aleohol formed needles which melted 
at 196.5-197.5° and contained no solvent. 
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For analysis the substance was dried at 100° and 15 mm. 


4.150 mg. substance: 2.510 mg. H,0, 9.923 mg. COr. 


3.070 “ ™ “a ll le !|CU 
CsHaoOsN2. Calculated. C 65.46, H 7.10. 
Found. * ae Gare. 
os ** 65.29, ** 6.98. 


Undephanthontriacid Trimethyl Ester Phenyl-y-Lactazam.—The 
phenylhydrazone was readily converted into the lactazam with 
the loss of methyl alcohol by the method of Michael.’ 0.145 
gm. of the phenylhydrazone was suspended in 10 ce. of acetic 
acid and slightly warmed. To this was added 1 drop of con- 
centrated hydrochloric acid. The deep orange color of the solu- 
tion immediately became lighter and the suspended phenyl- 
hydrazone dissolved completely. After the mixture was heated 
on the steam bath for 15 minutes the acetic and hydrochloric acids 
were largely removed by evaporation in a desiccator. The 
oily residue was neutralized with dilute ammonia, giving an 
amorphous powder which was collected and recrystallized from 
dilute methyl alcohol. The substance was finally recrystallized 
from a stall volume of methyl alcohol by strongly chilling. The 
lactazam separated as colorless, hairlike needles which contained 
no solvent and melted at 155-157°, then solidified, and remelted 
at 240-242°. 


3.252 mg. substance: 1.918 mg. H,0, 7.983 mg. CO. 
2.758 “ 7 : 1.626 “ .  —_— 
Cs3o0H360;Nz. Calculated. Cc 67.13, H 6.77. 
Found. ** 66.94, ‘* 6.60. 


“ 66.83, “ 6.59. 


Undephanthontriacid Monomethyl Ester.—This ester was pre- 
pared in two ways: by partial saponification of the dimethyl ester 
and by oxidation of anhydro-a-isostrophanthonic monomethy! 
ester. 

A solution of the dimethyl ester in methyl alcohol, after careful 
dilution with water, was made distinctly alkaline to phenol- 
phthalein with dilute sodium hydroxide solution. After standing 
1 hour at room temperature the solution was acidified to Congo red 
with hydrochloric acid, causing rapid crystallization. After 


5 Michael, A., Am. Chem. J., 1892, xiv, 519. 
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collection with 50 per cent methyl alcohol, the substance was 
recrystallized from methyl alcohol. It separated as rhombic 
leaflets which melted at 237-238°. For analysis the substance was 
dried at 100° and 15 mm. 

0.0999 gm. substance: 0.0596 gm. H,O, 0.2260 gm. CO:. 


CosH3009. Calculated. C 61.31, H 6.72. 
Found. ** 61.70, ** 6.68. 


The monomethy] ester was also obtained as follows: A suspen- 
sion of 2 gm. of anhydro-a-isostrophanthonic monomethy! ester 
in 100 cc. of water was cleared by the addition of a few drops of 
ammonia. The solution was cooled to 0°, treated with 33 ce. of a 
5.5 per cent potassium permanganate solution, and allowed to 
stand at 0° for 2} hours when all the reagent had disappeared. 
After being warmed gently to coagulate the MnQO:, the mixture 
was filtered. The filtrate was carefully neutralized with acid, 
then concentrated to about 20 cc. Acidification to Congo red 
caused the separation of a resin followed by crystalline material. 
After standing 24 hours at room temperature, the substance was 
collected with water. Recrystallization from methyl alcohol 
gave 0.37 gm. of angular leaflets which were collected with cold 
50 per cent MeOH. The substance melted at 233-235° which an 
additional recrystallization raised to 239-240°. In all properties 
this substance proved to be identical with that previously described 
and yielded the neutral trimethyl ester. For analysis the sub- 
stance was dried at 100° and 15 mm. 


5.406 mg. substance: 3.271 mg. H:O, 12.154 mg. CO:. 


3.254 « “«“  :194" “ 7902 « « 
CxsHs00». Calculated. C 61.31, H 6.72. 
Found. “ 61.28, “ 6.77. 
“ “ 61.20, “ 6.48. 


0.0976 gm. substance was covered with 5 cc. of alcohol and 
titrated directly against phenolphthalein with n NaOH. Cal- 
culated for 2 equivalents, 0.43 cc. Found, 0.43 ec. 5 cc. of N 
NaOH were then added and the solution was refluxed for 1} 
hours and then titrated back. Calculated for 3 equivalents, 
0.65 cc. Found, 0.62 cc. The consumption of 3 equivalents was 
caused by the saponification of one ester group, one lactone group, 
and ring cleavage. 


Although in the case of the acid decomposition of the above 
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8-ketonic esters no crystalline reaction product was isolated, 
better results were obtained with the ketonic decomposition. 
Ketonie decomposition could not be accomplished by boiling the 
neutral ester of undephanthontriacid with dilute alcoholic sulfurie 
acid. Partial isomerization of the substance to a more soluble 
form occurred, which crystallized from concentrated methyl 
alcoholic solution as rosettes of leaflets which melted at 131-132°, 
The substance still gave the Legal reaction. No attempt was 
made to determine whether isomerization was complete and 
whether the substance isolated was homogeneous. 


4.273 mg. substance: 2.760 mg. H,O, 9.839 mg. COs». 
CosHyOo. Calculated. C 62.72, H 7.17. 
Found. * 63.79, ** 7.22. 


Duodephanthondiacid.—The ketonic decomposition could be 
accomplished readily, however, after saponification of the ester 
groups under the conditions previously described for the saponifi- 
cation and titration of the lactone and ester groups, but avoiding 
simultaneous ring cleavage; 7.e., by refluxing the ester with an 
excess of 0.1 N sodium hydroxide and alcohol for 3 hours. Titra- 
tion showed that under these conditions only 4 equivalents of 
alkali had been consumed. The solution was then acidified to 
Congo red with hydrochloric acid and allowed to stand in a warm 
place. The ketone separated as masses of stout, wedge-shaped 
platelets which were easily soluble in dilute ammonia and melted 
at 260-262°. The substance was recrystallized from acetone 
from which it crystallized as masses of stout needles. The latter 
melted at 266-268°. From methyl alcohol it was obtained as stout 
rhombs or wedges and melted at 253-254°. The yield was 25 to 
40 per cent of the starting material. The substance is rather 
difficultly soluble in chloroform and absolute acetone, somewhat 
more soluble in 90 per cent acetone, and fairly soluble in methyl 
and ethyl alcohols, especially when warmed. It gives no nitro- 
prusside reaction. 

For analysis it. was dried at 100° and 15 mm. 


3.447 mg. substance: 2.159 mg. H,0, 8.105 mg. COs. 


3.634 ‘ “ : 2.370 * “ 98 542 “c “c 
C2;H.,0;. Calculated. C 64.25, H 7.20. 
Found. “Gm, * Fat. 


« “ 64.10, “ 7.28. 
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That this is a dibasic lactone acid was shown by the titrations. 
15.073 mg. of substance were covered with 1 cc. of alcohol and 
titrated directly against phenolphthalein with 0.1 N NaOH. 
Calculated for 2 equivalents, 0.768 cc. Found, 0.765 cc. 13.069 
mg. of substance were directly titrated. Calculated for 2 equiva- 
lents, 0.666 cc. Found, 0.665 cc. 3 cc. of 0.1 N NaOH were then 
added and after refluxing for 3 hours the solution was titrated back. 
Calculated for 1 equivalent, 0.333. Found, 0.334 cc. 

Duodephanthondiacid Dimethyl Ester—The ester was obtained 
from the acid with diazomethane in acetone solution. Recrystal- 
lized from dilute acetone it separates as delicate needles melting 
at 166-167°. The ester is easily soluble in the alcohols, ether, 
acetone, and chloroform. It is insoluble in petrolic ether. For 
analysis it was dried at 100° and 15 mm. 


3.680 mg. substance: 2.559 mg. H,O, 8.881 mg. CO». 


3.535 “* = >. aa 
C.3H 32.07. Calculated. Cc 65.67, H 7.68. 
Found. “oe, “ 7... 
** 65.72, ‘* 7.80. 


Duodephanthondiacid Trimethyl Ester Oxime.—This was pre- 
pared in the usual manner from the keto ester in methyl alcoholic 
solution with hydroxylamine hydrochloride and sodium acetate. 
The oxime formed from methy] alcohol stout needles which melted 
at 187-189° and contained solvent of crystallization. For an- 
alysis it was dried at 100° and 15 mm. 


3.034 mg. substance: 2.067 mg. HO, 7.033 mg. CO:. 


6.246 “ “i : 0.195 ec. N (26°, 750 mm.). 
C.;H;;0;N. Calculated. C 63.40, H 7.64, N 3.22. 
Found. ** 63.21, “* 7.62, “* 3.51. 


The Lactonetriacid Dimethyl Ester, C2sH32010—When the 
aqueous filtrate from the precipitation with acetic acid of crude 
undephanthontriacid dimethyl ester from the reaction mixture was 
acidified to Congo red with hydrochloric acid, there occurred an 
immediate separation of amorphous material which became friable 
and largely crystalline on standing. The material was collected 
and washed with water. Its solubilities and properties were such 
that purification as the acid was difficult and it was found pref- 
erable to convert it into the neutral ester which had excellent 
properties. After repeated recrystallization from methyl alcohol, 


TEE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. LXXIX, NO 2 
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the acid formed thin leaflets which melted at 188-190°. The 
substance contained water of crystallization, the last traces of 
which were very tenaciously held when it was attempted to dry 
the substance for analysis. For analysis it was dried at 100° 
and 15 mm. 


4.425 mg. substance: 2.790 mg. H.O, 9.800 mg. CO. 
CosH 320 0. Calculated. Cc 60.92, H 6.55. 
Found. ** 60.39, ‘* 7.05. 


18.298 mg. of dried substance were covered with 1 ce. of alcohol 
and titrated against phenolphthalein with 0.1 nN NaOH. Cal- 
culated for 1 equivalent, 0.365 cc. Found, 0.386 cc. 

3.5 ec. of 0.1 N NaOH were then added to the solution which was 
refluxed for 5 hours and titrated back. Calculated for 3 equiva- 
lents, 1.095 ec. Found, 1.139 ce. 

The Lactonetriacid Trimethyl Ester, Co¢H3sO10.—The neutral 
ester was prepared from the previous crude substance with diazo 
methane in acetone solution. The yield from 10 gm. of anhydro- 
a-isostrophanthonic dimethyl ester was 0.5 to 0.7 gm. For 
recrystallization a solution in chloroform was diluted with methyl 
alcohol and then concentrated to remove the chloroform. The 
substance formed leaflets which melted at 236-237°. It was very 
sparingly soluble in the alcohols and acetone. The substance, 
contrary to the first oxidation product, did not give a Legal 
reaction. Attempts to form an oxime or phenylhydrazone were 
unsuccessful. Likewise, no acyl derivative could be obtained 
although it showed 1.89 active hydrogen atoms. No unsaturation 
could be detected by catalytic hydrogenation. However, as 
described below the elements of methyl alcohol may be added. 
Titration experiments confirmed also the presence of one lactone 
and three ester groups. But no ring cleavage due to a §-ketonic 
acid decomposition could be obtained with strong alkali. 


3.910 mg. substance: 2.450 mg. H.O, 8.855 mg. COs. 


4.485 ‘* “« ;2.757 * “ 10.133 “ “ 
3.250 “ “ 34.595 “ Agi. 
CocHsOi0. Calculated. C 61.62, H 6.77, OCH; 18.38. 
Found. “ 61.75, “ 7.01. 
«“ “ 61.62, “ 6.88. 
«“ OCH; 18.67. 


0.0519 gm. substance: 4.80 cc. CH, (23.5°, 762 mm.) or 1.89 mols for mol. 
wt. 506. 
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18.344 mg. of substance were refluxed with 1 cc. of alcohol 
and 4 ce. of 0.1 N NaOH for 3 hours and titrated against phe- 
nolphthalein. Calculated for 4 equivalents, 1.450 cc. Found, 
1.448 ce. 

0.1116 gm. of substance when boiled for 4 hours with 1 ce. of 
alcohol and 4 cc. of N NaOH consumed 0.898 ce. Calculated for 
4 equivalents, 0.881 ce. 

The Lactonetriacid, C23H23010.—When the above saponification 
mixtures were acidified to Congo red with hydrochloric acid, the 
tribasic lactoneacid slowly separated as stout needles. Re- 
crystallized from dilute acetone, it formed long, flat plates which 
melted at 187—-189°. 


3.616 mg. substance: 1.967 mg. H:O, 7.885 mg. COs. 


3.074 ‘ ” sian > * oe - «| ™ 
C23H2sOi9. Calculated. C 59.46, H 6.08. 
Found. ** 59.46, ‘* 6.08. 
" “ O7t, * 6m. 


The above neutral trimethyl ester was dissolved in a small 
volume of chloroform and the solution was diluted with 10 volumes 
of dry methyl alcohol. A drop of hydrochloric acid (1.19) was 
added and the solution was concentrated to small volume on the 
water bath. After the solution had stood, stout needles gradually 
separated, which were collected with methyl alcohol. The sub- 
stance was recrystallized by dissolving in chloroform, diluting 
with methyl alcohol, and then concentrating to remove the former. 
It melted at 193-195°. In solubilities, it resembled the parent 
ester. Analysis showed that addition of CH;OH to the molecule 
had occurred, possibly on a masked carbonyl group. 


3.041 mg. substance: 1.934 mg. HO, 6.704 mg. COs. 


4.030 ‘ we : 2.600 ‘‘ ° ite * 

3.454 ‘ - : 6.040 “ Agl. 

3.862 ‘ ” ‘tm * « 

C27H3s01;. Calculated. C 60.19, H 7.12, OCH; 23.05 
Found. “CG. 7.8 

" "oa, ™ FSb. 
« OCH; 23.08. 
bad ” Baa 
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19.983 mg. of substance when refluxed for 4 hours with 1 ce. 
of alcohol and 3 cc. of 0.1 N NaOH consumed 1.463 ce. Calculated 
for 4 equivalents, 1.485. 

When heated in a sealed tube at 100° for 1 hour with 50 per cent 
acetone containing 1 per cent of sulfuric acid, the methyl alcohol 
was removed and the parent substance, the lactonetriacid tri- 
methyl ester, CosH3,O10, was recovered. 
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THE DIGITALIS GLUCOSIDES. 
II. GITOXIGENIN AND ISOGITOXIGENIN. 


By WALTER A. JACOBS anp EDWIN L. GUSTUS. 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, July 3, 1928.) 


On a number of occasions! it has been pointed out that gitoxi- 
genin? (anhydrogitaligenin of Kraft*) gives a typical nitroprusside 
reaction which is no longer shown by its dihydro derivative, a fact 
which seemed to place it in the group of A*"Jactones. We have 
attempted to demonstrate the correctness of this view by more 
direct means simultaneously with the series of investigations which 
has permitted us to obtain direct confirmation in the case of its 
closely related companion digitoxigenin‘ and also of periplogenin.® 
As recently shown, this has been accomplished with the latter 
substances by the method first employed in the case of 
strophanthidin ;* 7.e., by conversion into iso compounds which 
have then been shown to be lactones of the lactol forms of hy- 
droxyaldehydes. In the case of gitoxigenin, however, a com- 
plication has persisted from the beginning of our attempts which 
must have its cause in a definite structural dissimilarity. 

It has been pointed out already’ that gitoxigenin behaves differ- 
ently on gentle treatment with 0.1 Nn alkali in the cold than 
digitoxigenin. The latter substance may be completely saponified 
to the acid which may then be relactonized to digitoxigenin. In 


1 Jacoba, W. A., and Hoffmann, A., J. Biol. Chem., 1926, Ixvii, 335, 
Jacobs, W. A., Hoffmann, A., and Gustus, E. L., 1926, Ixx, 1. 

* Windaus, A., and Schwarte, G., Ber. chem. Ges., 1925, lviii, 1517. 

* Kraft, F., Arch. Pharm., 1912, ccl, 131. 

* Jacobs, W. A., and Gustus, E. L., J. Biol. Chem., 1928, lxxviii, 573 

5 Jacobs, W. A., and Hoffmann, A., J. Biol. Chem., 1928, Ixxix, 519. 

* Jacobs, W. A., and Gustus, E. L., J. Biol. Chem., 1927, Ixxiv, 811. 
’ Jacobs, W. A., Hoffmann, A., and Gustus, E. L., J. Biol. Chem., 1926, 
xx, 4. 
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the case of gitoxigenin, however, obscure secondary reactions 
seemed to accompany saponification with the formation of 
amorphous substances, and it was impossible to recover crystalline 
gitoxigenin on relactonization. More recently it has been found 
that this difficulty persists when the attempt is made to isomerize 
gitoxigenin with alcoholic alkali by the method which gives prac- 
tically quantitative results in the case of digitoxigenin. Most of 
the substance was found to be changed to amorphous acid altera- 
tion products which could not be relactonized or crystallized. 
After a number of experiments, a modification of the method was 
devised which permitted the preparation of an isogitoxigenin, 
however, in only about 25 per cent yield. This substance like 
gitoxigenin was shown to possess the formula, C23;H Os. 

Isogitoxigenin in some respects resembles the other iso com- 
pounds. It no longer gives the Legal reaction and attempts to 
hydrogenate the substance were unsuccessful. Its formation was, 
therefore, unquestionably accompanied by a shift or disappear- 
ance of the double bond. With Grignard reagent only 3 active 
hydrogen atoms were found as against the 4 given by gitoxigenin 
itself. This is in agreement with the disappearance of the active 
hydrogen of the A® 7-lactone group but the isomerization appar- 
ently has not involved any of the three hydroxyl groups. 

The similarity with other iso compounds, however, definitely 
ceased on further investigation. When saponified, isogitoxigenin 
yielded a crystalline isogitoxigeninic acid which could be readily 
relactonized. Contrary to the other iso acids such as isodigitoxi- 
geninic acid it showed none of the reactions of a hydroxyaldehyde 
which may react either in the aldehydic or lactol form. As 
isogitoxigeninic methyl ester it did not form a semicarbazone and 
on oxidation with chromic acid yielded a neutral ester in which 
only one or possibly two secondary hydroxyl groups were oxidized 
to carbonyl with the formation of isogitoxigenonic methyl ester. 
The analytical figures which were obtained with this substance are 
in better agreement with those required by a diketone but this 
point will have to be confirmed. Saponification experiments with 
the substance showed the presence of only the ester group. No 
lactone group was formed as in the case of analogous experiments 
with isodigitoxigenin, isostrophanthidin, and isoperiplogenin. 

Whereas the acids obtained by saponification of the normal iso 
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compounds were oxidized in the lactol form by hypobromite to 
give lactone acids, when isogitoxigeninic acid was oxidized with 
this reagent an anomalous oxidation product was obtained. 
Titration showed this substance to be a monobasic acid and no 
evidence of the formation of a lactone group could be obtained. 
Analyses of this acid were in best agreement with the formula 
CxH300s. This formula appears to have been confirmed by the 
analysis of its methyl ester, Co2H320¢. Since the acid showed no 
tendency to lactonize it would appear that degradation has in- 
volved that portion of the molecule belonging to the original lac- 
tone group of gitoxigenin. This, however, must await confirma- 
tion by further study. : 

With the facts available, it is difficult to assign a reason for the 
anomalous behavior of gitoxigenin and its iso compound. It 
appears probable that gitoxigenin is a A* 7 Jactone like the other 
related aglucones but that the cause of the difference in its behavior 
towards alkali may be that unlike the others it has no hydroxyl 
group situated in a position y or 6 to the y-carbon atom of the 
lactone group. By permitting the formation of a lactol derivative, 
such a hydroxyl may afford protection for an otherwise sensitive 
aldehyde group. Further data, however, are essential before much 
can be concluded in this regard. 

Our analyses of gitoxigenin and its derivatives have been in best 
agreement with the formula C.;H;,0;-* This substance is, 
therefore, isomeric with periplogenin. Like periplogenin, stro- 
phanthidin, and digitoxigenin, it is a C2; derivative and this fact 
increases the probability of the very close structural relationship 
of all of these substances. 

In connection with our investigations with gitoxigenin, we have 
obtained results which have conflicted in some ways with previous 
observations, in particular with those of Cloetta.’ This worker, 
after a long series of careful studies, succeeded in isolating from 
the so called gitalin fraction of the digitalis glucosides two gluco- 
sides which melted respectively at 282° and 245°, and for which on 
the basis of numerous micro analyses the formule CyoH Ou and 

* Professor Windaus has informed us privately that he has concluded 
that gitoxigenin is a C.; derivative and not a Cy derivative as originally 
presented (see foot-note 2). (Windaus, A., Chem. Zentr., 1928, ii, 669; 
Nachr, Ges, Wissensch. Goettingen, Math.-physik. Klasse, 1927, 422. 
*Cloetta, M., Arch. exp. Path. u. Pharmakol., 1926, exii, 261. 
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Ci7H2s0¢ respectively were derived. The former, called bigitali- 
num crist., was described as a glucoside of an aglucone bigitali- 
genin, C2:H3,0;, and the latter, gitalinum crist., of a simpler 
aglucone, gitaligenin, CyHisO3, which melted respectively at 
232° and 222°. The so called bigitalinum crist. of melting point 
282 is identical with the still impure anhydrogitalin of Kraft® 
and the gitoxin of Windaus and Schwarte.? For the historical 
survey relating to this substance we must refer to the communica- 
tion of the latter workers. Our own investigations have con- 
firmed the view of Windaus and Schwarte that this substance 
possesses but one lactone group and one double bond. Careful 
hydrogenation experiments made with larger amounts of sub- 
stance in connection with other investigations have demonstrated 
that gitoxigenin on hydrogenation gives rise to only one dihydro 
derivative and no tetrahydro compound as stated by Cloetta. 
The fact that gitoxigenin is a singly unsaturated monolactone is 
incompatible with the view of Cloetta that it has its origin in a 
doubling up of a Cy, aglucone, gitaligenin. 

It is to be regretted that we have not available a saponification 
value on this substance believed by Cloetta to be a Cy com- 
pound which would have at once decided its molecular size. 
The low molecular weights obtained by him may very well 
have been caused by cleavage of water (water of crystallization?) 
from his aglucone during the determination, and so have given 
an exalted molecular depression. This is particularly suggested 
by the fact that in all attempts to prepare derivatives of the 
low melting aglucone only derivatives of gitoxigenin were obtained 
by Cloetta. 

We have attempted to prepare the new glucoside of Cloetta 
from different sources but without success. Our efforts have 
yielded only digitoxin or the latter contaminated with gitoxin or 
other gitoxigenin glucosides. 

Gitoxigenin is a trihydroxy tetracyclic hydroaromatic AP 7 Jace 
tone, Co3H Os. 

Although a portion of the material used in the present studies 
was prepared directly from digitalis leaves, we are particularly 
indebted to E. Merck and Company, Darmstadt, for generous 
quantities of the insoluble by-product obtained in the manu- 
facture of digitoxin. 
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EXPERIMENTAL. 


Gitoxigenin (Anhydrogitaligenin)—3 gm. of gitoxin which 
melted at 282-285° were hydrolyzed by refluxing in 50 ec. of 50 
per cent alcohol and 0.5 cc. of hydrochloric acid (1.19). After 
30 to 40 minutes solution was complete. Careful dilution and 
cooling caused separation of the aglucone which after collection 
with water weighed 1.15 gm. 

After recrystallization from methyl alcohol, gitoxigenin was ob- 
tained in characteristic lustrous leaflets which melted at 231-232°, 
although occasionally samples were obtained which were not com- 
pletely melted till 235°. Aside from a report of our analysis, we 
have nothing to add to the previous descriptions of this substance. 
For correct figures it was necessary to dry carefully at 100° and 
15 mm. Frequently samples were obtained which gave figures 
0.5 per cent low in carbon. This raises the question whether the 
low carbon figures frequently reported of substances which must 
have been largely gitoxigenin may not have been caused by the 
difficulty of drying, especially in cases of questionable purity. 


4.805 mg. substance: 3.795 mg. H,O, 12.420 mg. CO». 
Ca3HOs. Calculated. Cc 70.72, H 8.78. 
Found. ** 70.48, “* 8.83. 


In confirmation of the fact that gitoxigenin as a A’: Jactone 
gives the Legal test, were the results of the Zerewitinoff active H 
determination which showed 1 active H atom in addition to the 3 
which belong to the three hydroxy] groups. 


0.0468 gm. substance gave 12.1 cc. CH, (21.5°, 757.5 mm.), or 4.08 mols for 
mol. wt. 390. 


Gitoxigenon.—1 gm. of gitoxigenin was dissolved in 20 cc. of 
acetic acid by gentle warming. The solution was quickly cooled 
and treated at once with 0.4 cc. or an excess of chromic acid solu- 
tion (400 gm. of water, 80 gm. of sulfuric acid, and 53 gm. of 
chromic acid) with vigorous shaking. The reaction was prompt 
and after several minutes the mixture was diluted and shaken out 
with chloroform. The chloroform extract was washed with water, 
dilute carbonate solution, and then dried and concentrated. The 
crystalline residue was dissolved in a few cc. of 95 per cent alcohol 
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and allowed to crystallize, forming long leaflets which were col- 
lected with 50 per cent alcohol. The major portion remained in 
the mother liquor from which additional fractions were recovered. 
The ketone melted at 206-207° and contained approximately 1 mol 
of water. It is easily soluble in alcohol, chloroform, and acetone 
and very sparingly soluble in ether. 


Air-Dry Substance.—Dried at 100° and 15 mm. 

C.;HO0;-H.O. Calculated. H,O 4.43. Found. H,O 3.97. 
Anhydrous Substance. 
Sample A. 0.0965 gm. substance: 0.0691 gm. H.O, 0.2530 gm. CO», 


” B. 0.0895 ‘ . : 0.0644 ‘ a - = 
sas C. 3.410 mg. ? : 2.460 mg. “ 8.936 mg. “ 
- “ 342 “ = :aae ? ae | 6 CU 

C2:H0;. Calculated. C 71.08, H 8.31. 

C23H 390s. ° ~The Te 

Sample A. Found. C 71.50, H 8.01. 

"= B. - “Fr .oe, ~ Ses. 

- C. “ oi i * See tf 

- _ ” " 7h Gs, * $.38. 


The reaction product obtained from this substance and hy- 
droxylamine did not crystallize. 

Dihydrogitoxigenin.—2 gm. of gitoxigenin which were repeatedly 
recrystallized from glass-distilled aleohol were hydrogenated in 
alcoholic solution with 0.5 gm. of an active platinum black. Ab- 
sorption occurred at first at the rate of 8 cc. per hour for the first 
3 hours and then gradually diminished. After 24 hours practically 
1 mol of H2 had been absorbed and the absorption after that was 
practically negligible. In a second experiment in which 13 gm. 
of gitoxigenin were used with 2 gm. of catalyst, the absorption 
stopped after 48 hours at approximately 1 mol of He. The com- 
bined experiments were filtered from catalyst and on concen- 
tration under diminished pressure yielded a thick paste of needles 
which melted at 239° and no evidence of the “Tafeln’’ of Cloetta 
was obtained. This material, as well as the substance which was 
recovered by further concentration of the mother liquor, was 
subjected to an exhaustive fractional recrystallization. In the 
end from a total of 15 gm. of starting material about 12.5 gm. of 
needles were obtained of high melting point. On two occasions 
during the fractionation process, when crystallization of smaller 
fractions occurred very slowly from a somewhat diluted solvent, 
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the substance was obtained partly as stout prisms or tables which 
melted at 195-197° and again at 205-207°. But when such 
material was recrystallized only the high melting form was ob- 
tained. The tables probably represent a hydrate of the substance. 

After repeated recrystallization the substance melted at 249- 
250° after slight preliminary softening. The substance does not 
give the Legal test and the analysis showed definitely that it is 
a dihydro derivative. 


Preparation A. 2.715 mg. substance: 2.293 mg. H.O, 7.007 mg. COs. 


a “ 2.3738 “ " im” ’ ” 
= a: we - [i ” ae ss 
- “« 23 * " oa * “ 8.016 “ S 

Co3H3.05. Calculated. C 70.36, H 9.25. 

Found. Sample A. “‘ 70.39, ‘‘ 9.45. 

ej ~ /- “2a Om 

sa - B. ‘* 70.43, ** 9.15. 

“ a. - “Pe oe 


Isogitoxigenin.—After a number of experiments the following 
conditions were found to be most satisfactory for the preparation 
of this substance.’ 5 gm. of gitoxigenin were dissolved at 0° 
in a mixture of 25 cc. of dry pyridine and a solution of 1.2 gm. of 
potassium hydroxide in 25 cc. of dry methyl alcohol. After 4 
hours at this temperature, during which the Legal test had become 
faint, the solution was mixed with several volumes of chloroform 
in a separatory funnel. The mixture was then shaken out several 
times with water which dissolved most of the amorphous acid 
alteration products as salts. Finally the chloroform solution was 
extracted with an excess of dilute sulfuric acid in order to remove 
the pyridine. The chloroform was finally washed and dried. 
On concentration the iso derivative readily crystallized, a process 
which was aided later by the addition of ether. The mother liquor 
on further manipulation gradually yielded an additional amount. 
The total yield was 1.3 gm. The acid reaction products which 
were extracted as the salts could be recovered only as resinous 


10 Tn all probability, the experiments reported by H. Kiliani (Ber. chem, 
Ges., 1915, xlviii, 341) are observations on the isomerization of gitoxigenin 
His experiments are in agreement with our own on the isomerizing effect of 
alkali, and the crystalline substance obtained by him but not analyzed was 
possibly isogitoxigenin contaminated with ash. 
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material and this did not yield to further study. When recrystal- 
lized from dry chloroform, isogitoxigenin forms stout needles which 
melt at 249-250°. When recrystallized from alcohol it forms a 
heavy crust of prisms and 4 sided plates which melt at 218° with 
effervescence and contain small amounts (less than 1 mol) of 
solvent which it holds very tenaciously on being dried for analysis. 
It is readily soluble in methyl and ethyl alcohols and acetone and 
is less readily soluble in chloroform. It is very sparingly soluble in 
ether. The substance does not give the Legal test. Attempts to 
show the retention of a double bond by hydrogenation experiments 
were unsuccessful. The optical rotation in pyridine solution is 
very slight. [a], = —1° (ec = 1.000 in pyridine). 
For analysis the substance was dried at 100° and 20 mm. 


Sample A. 2.745 mg. substance: 2.166 mg. H:O, 7.138 mg. CO,. 


“ “ 2.768 “ce “ : 2.210 ce “ 7.140 “ce “ 
* 2 “ : 2.480 ‘* i ile, 
C23Hy,O;. Calculated. C 70.72, H 8.78. 
Found. Sample A. “ 70.86, ‘‘ 8.84. 
“ “ “ “c 70 .34, cc 7. 93. 
«“ « 8B. “ 70.35, “ 9.00. 


0.0578 gm. gave 10.1 ec. CH, (21.5°, 757.5 mm.) or 2.76 mols for mol. wt. 
390. 


Isogitoxigeninic Acid.—1.4 gm. of isogitoxigenin were dissolved 
in 60 ce. of hot alcohol and diluted with an equal volume of water 
followed by 5 cc. of 10 per cent sodium hydroxide solution. After 
about 5 minutes the solution was cooled and diluted. On gentle 
acidification with acetic acid the acid separated as microscopic 
rods which were quickly collected with water. If allowed to stand 
long under the influence of free acid, lactonization gradually 
occurred. This was rapid with mineral acid. When recrystal- 
lized from alcohol it formed needles which slowly melted and 
effervesced at 146-149°. When dissolved in water with a few 
drops of ammonia and reprecipitated with acetic acid, it formed 
needles which melted at 152-153°. After being dried in a desic- 
cator it retained 1.5 mols of water of crystallization. When the 
attempt was made to dry the substance for analysis at 100° 
and 15 mm., partial lactonization occurred. The analysis of the 
desiccator-dried substance is therefore reported. 
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3.329 mg. substance: 2.720 mg. H.0, 7.770 mg. CO:. 


3.769 “ “4 : 3.082 “‘ * Gee ve 
CosHxOs- 1 HO. Calculated. C 63.40, H 9.03. 
Found. ** 63.63, ‘‘ 9.14. 
sas * 63.46, ** 9.14. 


Isogitoxigeninic Methyl Ester—The acid was esterified in 
acetone suspension with diazomethane. The ester separated from 
dilute methyl alcohol as dendritic masses of plates which melted at 
145°. It is soluble in the alcohols, particularly on being warmed, 
and less readily soluble in descending order in acetone, chloroform, 
and ether. The ester did not react with semicarbazide. 


3.725 mg. substance: 3.130 mg. H,0, 9.340 mg. COs. 
CogH 30s. Calculated. Cc 68 .20, H 9.07. 
Found. a Me FY 


Isogitoxigenonic Methyl Ester —0.3 gm. of the above ester was 
dissolved in 15 cc. of acetic acid. On addition of 1.5 cc. of Kiliani 
chromic acid solution at ordinary temperature rapid oxidation 
occurred and the reagent was in definite excess. The diluted 
mixture was extracted with chloroform. The extract was in turn 
washed with water, dilute sodium carbonate solution, and water 
and then after being dried was concentrated. The residue slowly 
crystallized. When dissolved in a few cc. of methyl alcohol and 
carefully diluted, the substance slowly crystallized and was col- 
lected with dilute methyl alcohol. This was recrystallized by 
concentrating its methyl alcoholic solution to a few cc. At low 
temperature the solution slowly deposited the ester as small 
prisms and rods which melted at 170-172°. 

From the analysis and titration only one or possibly two second- 
ary alcoholic groups were oxidized to carbonyl. 


4.330 mg. substance: 3.260 mg. H:O, 10.900 mg. CO. 
CuHsOs. Calculated. C 68.52, H 8.63. 
CuHuOc. i ** 68.86, “* 8.19. 
Found. ** 68.64, “* 8.42. 


10.432 mg. of substance were treated with 1 cc. of alcohol and 
2.5 ec. of 0.1 N NaOH. The mixture was refluxed for 4 hours and 
titrated back against phenolphthalein. Calculated for 1 equiva- 
lent, 0.248 cc. Found, 0.232 ce. 

The Acid, CH 300¢.—0.4 gm. of isogitoxigeninic acid was dissolved 
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in 4 ce. of water and a few drops of dilute sodium carbonate solution. 
The mixture was treated with 4 cc. of a solution of bromine in n 
sodium hydroxide solution which contained 60 mg. per cc. After 
standing 1 hour the mixture was acidified to Congo red with dilute 
sulfuric acid. A copious, amorphous precipitate formed, which 
rapidly crystallized. After collection with water the acid was 
recrystallized by careful dilution of its alcoholic solution. The 
substance which dissolved completely in dilute ammonia formed 
bundles of radiating needles which melted at 252-253°. It is 
soluble in descending order in methyl and ethyl alcohols in the 
cold and in acetone, and is sparingly soluble in chloroform. It is 
practically insoluble in ether. 
For analysis the substance was dried at 100° and 15 mm. 


Sample A. 2.667 mg. substance: 1.881 mg. H,O, 6.525 mg. COs. 
- °* 2a * x : 1.838 “ tae * 
" * 2. ™ a > 1.993 “ . — -.. * 
” B. 3.304 “ ia 72.645 “ - iC 
C2;H390¢. Calculated. C 66.62, H 8.00. 
Found. Sample A. ‘‘ 66.67, “‘ 7.90. 
= ae «  @.52, “* 8.03. 
_ . =. “eu tae. 
“5 " » ~~ £2. 


11.174 mg. of substance were covered with 1 ec. of alcohol and 
titrated directly against phenolphthalein with 0.1 N NaOH. 
Calculated for 1 equivalent, 0.295 ec. Found, 0.303 ce. 

When an excess of alkali was added and the mixture was re- 
fluxed for 6 hours further consumption of alkali was negligible. 

Methyl Ester of the Acid, C,H 004.—The ester was prepared from 
the acid in acetone solution with diazomethane. It crystallized 
slowly from dilute methyl alcohol as a crust of rosettes of stout 
plates or tables which contained solvent of crystallization. The 
air-dry substance effervesced at 105° and again crystallized, 
finally melting on further heating at 180°. 


Air-Dry Substance.— Dried at 100° and 15 mm. 
3.546 mg. substance: 0.216 mg. loss. 
Cx2HyO0c¢-14 HO. Calculated. H.O, 6.44. Found. H,O, 6.25 
3.240 mg. substance: 2.305 mg. H.O, 7.996 mg. COs. 
9 


3.540 * sis — ° baa” we 
CxH 06. Calculated. C 67.30, H 8.22. 
Found. oak to. 
“ “ 67.26, “ 8.62. 
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BLOOD REGENERATION IN SEVERE ANEMIA. 


XII. POTENT INFLUENCE OF INORGANIC ASH OF 
APRICOTS, LIVER, KIDNEY, AND PINEAPPLE.* 


By FRIEDA S. ROBSCHEIT-ROBBINS, C. A. ELDEN, WARREN M. 
SPERRY, anp G. H. WHIPPLE. 


(From the Departments of Pathology and Biochemistry, the University of 
Rochester School of Medicine and Dentistry, Rochester, New York.) 


(Received for publication, July 5, 1928.) 


About 8 years ago Robscheit-Robbins and Whipple at the 
Hooper Foundation in the University of California Medical School 
observed that apricot feeding had a potent influence in experi- 
mental anemia in dogs. These observations were not published 
because the reaction was so unexpected as to suggest the possi- 
bility of error. A few years later these observations were repeated 
and extended to show that apricots and peaches (fresh, dried, or 
canned) were quite potent in severe anemia due to hemorrhage in 
dogs (3). The addition of 200 gm. of this cooked fruit to the daily 
standard diet may cause an average output of 40 to 45 gm. of 
hemoglobin per 2 week period over and above the control periods. 
At this time some extracts (watery and alcoholic) were prepared 
from dried apricots and tested. 

All the evidence pointed to salts as perhaps responsible for at 
least a part of this unexpected reaction. Some crude combustion 
products containing much carbon were then prepared and found 
to be potent in this experimental anemia. Finally we proceeded 
to the more complete combustion of the dried apricots' as described 
below and this pure inorganic material was likewise found to be 
potent, suggesting that some of the metals are concerned in the 


* This work has been aided by a National Live Stock and Meat Board 
Fellowship of the National Research Council. We are indebted to the 
Rochester Packing Company for a liberal supply of certain meat products. 

‘We are indebted to the Taylor Instrument Company for the use of a 
high temperature muffle furnace in completing the first ashing of apricots. 
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reaction. Logically the potent organ tissues were next tested by 
ashing and feeding in the experimental anemia with almost 
identical results (2). Our results are not wholly in accord with 
the observations of the Wisconsin investigators (4) but the diver- 
gent results are to be explained by differences in the anemia or in 
the experimental animal. They study a nutritional anemia in 
rats and rabbits while we use a simple anemia due to hemorrhage in 
otherwise normal dogs. 

Our general anemia program was outlined in the first papers of 
this series (5) and many important points there discussed need not 
be reviewed here. We stressed the importance of a sustained 
maximal stimulus to hemoglobin production in these dogs whose 
circulating hemoglobin level is maintained at 40 to 50 per cent 
hemoglobin, or approximately one-third normal for the dog. The 
surplus hemoglobin removed by bleeding to maintain this base line 
level is measured accurately and represents the capacity of the dog 
to form hemoglobin and red cells on the given food intake over and 
above the unknown red cell maintenance factor. These dogs are 
raised in our kennels and accustomed to the environment and 
experimental technique so that they lead normal, active lives 
undisturbed by the experimental observations, unless some note 
is made to the contrary. Uniformity of environment is very 
important and includes heat, ventilation, exercise, and isolation 
to minimize cross infection. 

It is important to remember that these standard dogs are in a 
condition of sustained anemia (40 to 50 per cent hemoglobin) 
month after month, year after year. Some of the dogs have been 
continuously anemic as indicated for 4 years and are reacting 
quantitatively to various specific diet intakes in the 4th year as 
they did in the lst year. The experiments given in the tables are 
taken out of the dogs’ experimental history which is continuous. 
The figures given represent the observations made at the end of 
any given week so that the hemoglobin figures noted for the 1st week 
of ash feeding represent the production of hemoglobin due to 7 days 
of ash and bread feeding. It is necessary to refer to this point 
because Riecker (1) fell into error in attempting a critical review of 
our published results. He assumed that our figures referred to the 
beginning of the experimental week although it would seem that a 
careful reading of the papers under discussion would have obviated 
this mistake. 
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The reserve storage of hemoglobin factors is another important 
point which bears on the same interpretation of results. It is 
surprising to observe how difficult it may be to exhaust this 
emergency reserve in the healthy dog. We have made it a rule to 
produce our experimental anemia slowly over a 2 or 3 week period 
and to maintain this anemia for 2 or 3 months on the standard 
bread diet to insure the exhaustion of this reserve. During this 
period as much as 100 to 175 gm. of hemoglobin may be removed 
by bleeding, representing a tremendous reserve which can scarcely 
be stored as finished red blood cells. This reserve is probably 
stored as intermediates which on demand can be combined to form 
the finished blood hemoglobin. After this period the dog will 
react with a small and constant hemoglobin output to the stand- 
ard bread diet and will react uniformly to various diet factors as 
given in preceding papers. If one does not appreciate this emer- 
gency reserve, quite unusual reactions to diet factors of low potency 
will be recorded and wrongly attributed to the diet rather than 
to the reserve storage. 


Methods. 


The general methods used in these experiments have been 
described in detail in the first (5) and fifth (6) papers of this series. 
The standard bread used in all these experiments is described as to 
ingredients and preparation. This bread contains wheat flour, 
starch, bran, sugar, cod liver oil, canned tomatoes, canned salmon, 
yeast, and salt mixture. Bread (S) which contains a little salmon 
was used in all the experiments here recorded. This bread is a 
complete diet for an adult dog and will maintain a dog in health 
for long periods of time, if not indefinitely. This ration keeps the 
hemoglobin production at a very low level, the average being close 
to 1 to 3 gm. of hemoglobin per week period over and above the 
unknown maintenance factor. There are individual differences 
and some dogs are constantly high in hemoglobin production on the 
basal rations as well as other diets. The hemoglobin index in these 
papers is a figure obtained by dividing the hemoglobin per cent by 
the red cell hematocrit in per cent. We believe this figure gives 
information of value as to the saturation of the red cell stroma 
with hemoglobin. 
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As has been pointed out by the Wisconsin investigators (4), the 
complete ashing of liver presents considerable difficulty. After 
being dried it may be burned down to a carbonaceous mass without 
trouble but when an attempt is made to ash this black material in 
crucibles, even at very high temperatures, the top layers sinter 
down, protecting most of the mass from oxidation. Moreover, 
the ash itself is formed as a melt and tends to be absorbed by the 
container, particularly if the latter is of porous composition. 
Because of this latter difficulty Hart and his coworkers mixed a 
large amount (4 gm. per 100 gm. of dried liver) of calcium car- 
bonate with the liver before ashing. Some trouble was experienced 
in feeding ash extracts due to the presence of so much calcium. 

We have been able to prepare pure ashes of liver (and other 
substances) without the addition of any foreign substance by the 
following procedure: Fresh beef liver, pig kidney, or dried apricots 
are weighed and placed in a large fire brick container with a well 
glazed surface. Free flames from several blow-torches are played 
on this material until it is reduced to a black carbon mass. At this 
point a stream of oxygen? is directed into the hot material, burning 
it down to a white-gray or bluish brown, glassy ash. This is then 
ground in a mortar, passed through a 40 mesh sieve, weighed, and 
fed in doses equivalent to the original fresh material. The 
material used in these experiments contains 4 to 8 per cent of 
carbon but it is reasonably certain that all organic compounds are 
broken down. 

The pineapple ash was not made in our laboratory but obtained 
from a canning factory in the Hawaiian Islands through the 
courtesy of Dr. Benjamin Slater of the Eastman Kodak Company. 
It is a fine gray ash obtained by combustion of the skins and 
residues of the ripe pineapple. 


Methods of Ash Analysis. 


The following methods of analysis are taken from Official and 
Tentative Methods of Analysis of the Association of Official 
Agricultural Chemists, 1925, with some necessary changes. 

Organic Matter.—A weighed sample of the ash as fed is placed 
in a crucible and ignited until all the organic matter is burned. 


? We are indebted to Dr. R. P. Kennedy of the Department of Pathology 
for suggesting the use of oxygen in this connection. 
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The residue is weighed. The difference corresponds to the 
organic matter. 

Silica.—A weighed sample of the ash, freed from organic matter, 
is evaporated with dilute hydrochloric acid on a steam bath in a 
weighed platinum crucible and heated for 1 hour. The residue is 
treated with hydrochloric acid and filtered. The remaining 
residue is washed with hot water. The filtrate is evaporated and 
treated asabove. The combined residues are ignited in a platinum 
crucible, weighed, and then treated with a sulfuric-hydrofluoric 
acid mixture, which is driven off, the residue being ignited and 
weighed. The difference in weight corresponds to the SiOx». 
The residue remaining is iron and aluminum and is added to the 
subsequent iron and aluminum fraction. 

Copper.—The filtrate from the silica determination is adjusted 
to the proper pH and treated with hydrogen sulfide. The pre- 
cipitate after being washed with hydrogen sulfide water is digested 
with yellow ammonium sulfide to dissolve the antimony. The 
remaining residue is heated with nitric and sulfuric acids until 
the solution is colorless. It is then cooled, diluted with water and 
treated with bromine water. The excess is removed and the 
solution treated with ammonium hydroxide. The excess is re- 
moved and the solution treated with acetic acid. Potassium 
iodide is added after cooling, and the solution is titrated with 
0.01 n sodium thiosulfate. 

Antimony.—The solution of antimony sulfide from above is 
neutralized with hydrochloric acid, filtered, and the precipitate, 
after solution in strong hydrochloric acid, is precipitated with 
hydrogen sulfide. The precipitate is oxidized with potassium 
chlorate, potassium iodide is added, and the solution is titrated 
with standard sodium thiosulfate. 

Iron and Aluminum.—The filtrate from the hydrogen sulfide pre- 
cipitation is concentrated to 150 cc. and treated with ammonium 
hydroxide until alkaline to methyl orange. The precipitate of 
iron and aluminum hydroxides is filtered, washed, redissolved, 
reprecipitated, washed, dried, ignited, and weighed as the oxides. 

The residue from the silica determination and the above are 
fused with potassium hydrogen sulfate, cooled, evaporated on the 
steam bath with sulfuric acid, and heated until SO; fumes are 
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evolved. The mixture is dissolved in water, treated with hydrogen 
sulfide to remove any platinum, and filtered. The iron in solution 
is reduced with SO, in the presence of CO, after the excess hydrogen 
sulfide is removed, and titrated with standard potassium perman- 
ganate solution. 

The iron is calculated to the oxide, the phosphates to P.O; (see 
below). These two weights are subtracted from the iron and 
aluminum fusions and the difference represents Al,Os. 

Calcitum.—The filtrate from the iron and aluminum determina- 
tion is concentrated, treated with oxalic acid, heated to boiling, and 
neutralized with ammonium hydroxide to methyl red. The 
precipitate formed is washed with ammonium oxalate solution, 
redissolved, and reprecipitated. After being filtered, washed, and 
dried, it is ignited and weighed as CaO. 

Magnesium.—The filtrate from the calcium determination is 
treated with sodium ammonium phosphate, made alkaline with 
ammonium hydroxide, and allowed to stand 12 hours. The pre- 
cipitate formed is redissolved and reprecipitated, washed with 
dilute ammonium hydroxide, ignited, and weighed as magnesium 
pyrophosphate. 

Phosphates.—A weighed sample of ash is dissolved in dilute 
hydrochloric acid, treated with nitric acid, and evaporated to 
dryness. The residue is taken up in water, made alkaline 
with ammonium hydroxide, and then acid with nitric acid. The 
phosphates are precipitated with ammonium molybdate reagent, 
filtered, washed with hot water, dissolved in an _ excess 
standard alkali, and back titrated with standard acid to phenol- 
phthalein. 

Sodium and Potassium.—These are present but no quantitative 
determinations were made. 


Experimental Observations. 


On the whole these reactions are quite uniform and indicate that 
in this type of anemia the inorganic ash of various food products 
contains salts of evident potency which influence favorably the 
regeneration of new red blood cells and hemoglobin in these stand- 
ard anemic dogs. It is probable, if not certain, that in this method 
of ash production we lose some material and volatilize some 








TABLE 121. 



































Apricot Ash. 
— Diet periods 1 wk. each. Food | 4 Red |Color| Hb blood Blood | Hb re- 
ution Food, gm. per day. ath Wt. ha po index.| index. xf a_.Y <> 
rogen Sonne. 
man- Dog 24-2, bull, male, adult. 
. 
5 (see ts kg. os. ) 4 Ge po om. 
- and Bread 400, salmon 75.| 100 /16.5) 901) 5,3 | 0.42) 1.94) 23.3) 45] 1.3 
: Apricot ash 2.6 (200)*.| 100 |16.3) 894) 5,9 | 0.46) 2.08) 27.8 | 58 | 15.6 
ata “ — & 2.6(200)*.| 100 |16.3] 878] 6,2 | 0.52] 2.01] 25.9 | 52 | 29.5 
; an 
The ee eae 94 |16.0) 854) 6,0 | 0.48) 2.00) 21.6 | 43 | 14.6 
ition, je 96 |16.2| 900| 5,1 | 0.50) 2.16) 18.9 | 42 | 11.2 
and a 100 |16.6/1003) 3,9 | 0.54) 2.10; 19.9 | 42); 1.3 
? 





Dog 21-67, bull, male, adult; splenectomy. 


















































on is 
with Bread 250, salmon 100, 
. Klim 25............ 88 |11.9| 644) 3,9 | 0.60] 2.10] 20.6| 43] 1.3 
» pre- 
with Apricot ash 2.6 (200) Tf. 93 |12.0| 600) 4,8 | 0.64) 2.16) 22.5 49) 16.0 
sium « — 2.6 (200)t.| 98 |12.0| 590] 4,9 | 0.63] 2.27] 26.2 | 59 | 20.1 
lilute Bread 225, salmon 100, 
a 100 /12.1) 620) 3,7 | 0.73) 2.14; 18.8 | 40 | 13.6 
od to Bread 225, salmon 100, 
caline ee 96 |12.4/ 662) 3,6 | 0.69] 2.26) 22.2} 50] 1.3 
h 
The Dog 24-25, bull, male, adult. 
gent, 
XCESS Bread 450, salmon 75.| 89 |14.1| 760) 4,2 | 0.57) 2.04) 23.6 | 48| 1.5 
enol- 
Apricot ash 10 (230)f..) 98 |14.2} 852) 4,4 | 0.66) 2.07) 23.8 | 49 | 17.2 
2 © 10 (230)f..| 100 |14.4) 847) 4,4 | 0.60) 1.88) 26.2 | 49 | 13.6 
ative 
Bread 450, salmon 75..| 100 |14.4) 848) 4,3 | 0.46) 2.00} 19.9 | 40) 1.2 
“ 450, “ 75..| 99 |14.6) 885) 4,8 | 0.53) 1.86) 24.5 | 46 | 15.1 























Apricot ash given in gm. per day; figures in parentheses indicate in 
. that gm., equivalent in commercial dried apricots. 
Klim = dried commercial milk powder. Salmon = commercial canned 





ducts 
the western salmon. 
y H <= hemoglobin per cent 
tand- emoglobin index = ~ 
red cell hematocrit per cent 

thod * Bread 400, salmon 75, daily diet. 
some t Bread 225, salmon 100, Klim 25, daily diet. 

t Bread 375, salmon 75, daily diet. 
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elements which may be potent, yet there are abundant potent 
materials remaining. 

Table 121 shows the potency of apricot ash of various types. 
These are representative experiments of a considerable series, 
The stimulus to hemoglobin production per 2 week period yields 
from 42 to 65 gm. of hemoglobin above the control periods. The 
average of the whole series is about 40 to 50 gm. of hemoglobin 
production per 2 week period above the control periods. There 
are no notable fluctuations in the hemoglobin and color indices 
and the blood volume is not disturbed. Splenectomy has been 
performed on Dog 21-67 but this animal reacts like a normal dog 
to all these diet experiments. In this dog the end week shows a 
hemoglobin level of 50 which is much above the initial level of 43 
and indicates probably an excess of about 10 gm. of hemoglobin 
which should be added to the figures of hemoglobin production in 
this experiment. The ash fed in the third experiment, Table 121, 
contained a large amount of carbon which explains the high ash 
weight. 

Table 122 shows high, low, and average figures for hemoglobin 
regeneration due to liver ash feeding during 2 week periods above 
control periods—38 to 65 gm. of hemoglobin. There is consider- 
able variation in the ash weight as representing whole liver, some 
ash concentrates representing unusually large amounts of whole 
liver. One recalls that a favorable diet of liver will cause a large 
output of hemoglobin during the 2nd week of feeding and a con- 
tinuation of much hemoglobin production during the first and 
even second control after period. This “carry over’ is a uniform 
reaction on most favorable diets and indicates that the body 
stores the various materials in these foods suitable for hemoglobin 
production and gives them up only during a subsequent unfavor- 
able diet (control) period. These ash feeding experiments show 
the same “carry over” into 2 or even 3 weeks of the after period. 

In checking any given experiment as to the output of hemoglobin 
due to any diet factor we observe the initial hemoglobin control 
level and the end hemoglobin control level. These figures in the 
various tables usually show variations of only 2 to 3 per cent 
hemoglobin which represent the inherent limitations of these 
experiments—a factor of error probably in the neighborhood of 
5 gm. of hemoglobin. Occasionally wider variations are observed 
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TABLE 122. 
Liver Ash. 
otent Diet periods 1 wk. each. | Food | ene’ | Red. | Color | Hb blood Blood | Hb re- 
‘Food, gm. per day. =) Wt | vol- | Beit |ndex.|index.| 504. | jevel.| bled" 
ny tocrit. 
ypes, 
ries, Dog 24-49, bull, female, adult. 
rie | il- Tr per 
— Bae | He | ee | Tin ea | Su | om 
Be Bread 350, salmon 75. . 96 |15.7|1010| 4,3 | 0.51) 1.91) 22.8 | 44| 1.2 
opin 
‘here Liver ash 3.4 (600)*... 96, |15.9/1022) 6,0 0.42) 2.11) 23.1 50 | 12.5 
dices 3.4 (600)*...; 100 |16.0/1085) 4,5 | 0.53) 2.01) 23.9 | 48 | 1.5 
been | . 
id Bread 375, salmon 75.| 100 |15.5| 966) 5,4 | 0.53) 2.17) 25.7 | 56 | 18.5 
08 “ 375, “ 75.) 100 |15.7) 984) 6,0 | 0. 52| 2.00| 24.8 | 50 | 16.7 
WS & “ 400, “ 75.| 100 /15.7) 966] 4,1 | 0.54) 2.04) 21.4] 44) 1.3 
of 43 
lobin Dog 25-24, coach, male, adult. 
ym in Bread 400, salmon 75, 
121, eee 100 |12.5) 790) 5,0 | 0.45) 1.94) 23.2 | 45] 1.4 
_ ash 
Liver ash 4(1400)f....| 100 |12.7| 744) 5,3 | 0.46) 1.91) 25.9 | 49/ 1.5 
hie - ** 4(1400)f....) 100 |12.5) 754) 6,4 | 0.50) 1.94) 22.8 | 44 | 29.5 
bove Bread 400, salmon 75, 
ider- ae 100 |12.6) 823) 4,7 | 0.48) 1.94) 22.8 | 44) 1.2 
ome Bread 400, salmon 75, 
hole Klim 25......... 100 |12.9| 790] 4,8 | 0.53) 2.03| 22.9 | 46 | 11.6 
mace Bread 400, salmon 75, 
arg} ee 100 |12.9 816) 4,2 | 0.52) 2.00) 22.1 | 44; 1.3 
con- 
and Dog 24-59, bull, male, adult. 
oa Bread 500, salmon 75. .| 100 “ 944| 5,9 | 0.40) coe 23.9| 47| 1.4 
ody a 
obin Liver ash 1.3 (600){...| 100 |15.0)1000| 6,8 | 0.43| 1.98) 27.6 | 55 | 19.4 
vor- se ** 1.3 (600)f...; 100 |15.2/ 894) 6,9 | 0.41) 1.91) 25.8 | 49 | 17.2 
how | 
i Bread 500, salmon75..| 100 j15. 0) 984) 6,6 | 0.41 1.97) 23.8 | 4717.1 
wd a. wed ae [15. 5/1047 6,0 | 0.39) 1.90) 24.8 | 47 1.4 
obin “ 550, “ 75..| 100 15.7 7| 952| 6,9 0.39 1.86 22.7} 42 | 16.1 
trol “ 550, “ 75..| 100 /15. 4/1026 5,8 | 0.38} 1.90, 23.4] 44) 1.4 
the = ; aenenneeonte 
med Liver ash given in gm. per day; figures in parentheses indicate in gm., 
| equivalent fresh tissue. 
nese * Bread 350, salmon 75, daily diet. 
d of t Bread 400, salmon 75, Klim 25, daily diet. 
‘ved t Bread 500, salmon 75, daily diet. 
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TABLE 123. 
Kidney Ash. 
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Diet periods 1 wk. each | Pood | ao Red | Color | Hb blood Blood Hb re- 
Food, gm. per day. | sumed | Wt. hana j- | See index | index. =. a..¥ ah 
| | tocrit. 
Dog 23-1, bull, male, adult. 
r | u- | er 
| am [ef elie! | | am | ate | om 
Seer | 100 |16.2| 936) 5,9 7" 2.00} 23.8 | 48 1.4 
ae 
Kidney ash 5.3(500).*| 100 |17.0) 892) 6,2 | 0.44) 2.01) 25.7 | 52 | 16.3 
3 “* §.3(500).*| 100 |16.5) " 6,3 | 0.44) 2.13) 25.1 | 53 | 15.9 
| 
| | 
See | 100 16. 5} 017 6,0 | 0.43) 2.14) 24.1 52 | 14.2 
_ =a 100 |16. 4) 861) 5,5 0.39) 1.95) 21.8 43 | 1.4 
Dog 24-25, bull, male, adult. 
l l l 
Bread 425, salmon 50..| 92 {14.5| 817| 4,6 oy 1.90| 24.2] 46| 1.2 
Kidney ash 5 (650){..| 96 |15. 0) 779) 5,0 | 0.51) 2.13] 26.3 | 56 | 18.7 
™ “ 5 (650)t..| 100 |15. 0! ay 4,2 | 0.54) 2.07) 21.9 | 45 | 13.4 
| | | 
Bread 425, salmon 75. 98 |15.0) 808) 5,1 0.49) 2.04) 25.2 51 14.2 
“425 “« 100.) 92 |15.0) 867) 5,8 0.45) 2.10) 23.2 | 49 | 12.8 
«425 « 100.) 100 (15.0, 854! 3,8 0.47) 2.03} 17.8 | 36) 1.0 
Dog 24-45, bull, female, adult. 
| | | 
Bread 400, salmon75. | 100 '21.2/1159) 4,6 | 0. 51 2.11) 22.8 | 47 2.1 
| | | 
| | | 
Kidney ash 4 (520){..) 100 |21.0/1077| 5,5 | 0. 5s 2. . 25.0} 54 | 29.4 
” “« 4 (520)t..} 100 (20. 5 ce (a 4,9 | 0.60) 2. 14| 21.8 | 47 i= 2 
| | | 
Bread 350, salmon75..| 100 |20.8)1106) 4,4 | 0.61) 2 2.1 19.0; 41 | 15.8 
| 67 100 (20. 8/1169) 4,4 | 0.57) 2.19) 23.2 | 51 | 13.8 
“ 350, “ 75..| 100 /20.3)1083) 5,0 | 0.47| 2.24 21.1 | 47| 14 




















Kidney ash given in gm. per day; figures in parentheses indicate in gm., 
equivalent fresh tissue. 

* Bread 450, salmon 50, daily diet. 

+ Bread 400, salmon 75, daily diet. 

t Bread 350, salmon 75, daily diet. 
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— and allowance is made on the basis of experience in any given dog, 




































































Hbre —for example, Dog 24-25, Table 123, shows a final hemoglobin 
bled.” level of 36 per cent hemoglobin which is 10 points below the 
TABLE 124. 
Pineapple Ash. 
gm. 
1.4 Diet periods 1 wk. each. Food ; a Red |Color}| Hb blood Blood | Hb re- 
Food, gm. per day. onal We. = poy index.| index. Af —— 5 
16.3 , tocrit. 
15.9 Dog 24-22, coach, female, adult. 
14.2 ae kg. | ce. Ee pa gm. 
1.6 Bread 300, salmon 75, 
STEEL <i 0%icende 100 |13.1| 794) 5,4 | 0.40) 1.84) 23.1) 43) 1.3 
—_—. Bread 300, salmon 75, 
1.2 ee 98 |13.0) 754] 5,2 | 0.42) 1.83) 24.1 | 44] 1.3 
13.7 Pineapple ash 5*...... 97 |13.5| 768) 5,9 | 0.43) 1.97) 23.9 | 46 | 12.0 
13.4 “ wag Petre 94 |13.7| 772) 5,2 | 0.44) 1.89) 24.4 | 46) 1.4 
14.2 Bread 300, Klim 25, 
12.8 Salmon 75.......... 92 |13.4| 752) 5,4 0.43) 1.90) 24.1; 46) 1.3 
1.0 : 
= Dog 24-26, bull, male, adult. 
—— Bread 275, salmon 100, | | 
2.1 PI Gikidntiexinec 100 |10.4| 637) 4,1 | 0.50) 2.16) 19.1 | 41 | 1.3 
29.4 Pineapple ash 10t.....| 96 |10.6| 614) 4,6 | 0.59] 2.27) 24.9| 57 | 14.8 
26.2 ig “  8t.....] 100 |10.3) 603) 4,8 | 0.55) 2.26) 21.2 | 48 | 15.7 
15.8 Bread 225, salmon 100, | 
13.8 Pditseiedade 100 10.4) 647; 4,0 | 0.59 2.26) 20.7| 47/| 1.4 
1.4 ae 





Pineapple ash given in gm. per day; a commercial product. 


a he bn me 
n gm., Hemoglobin index = emoglobin per cent 








red cell hematocrit per cent 
* Bread 300, salmon 75, Klim 25, daily diet. 
| Bread 225, salmon 100, Klim 25, daily diet. 


initial control level. We may say therefore that this represents 
the bleeding of about 10 to 12 gm. of hemoglobin too much during 
the second control after period and we should deduct 10 gm. of 
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hemoglobin from the total of 48 gm. of hemoglobin recorded for 
this dog, due to kidney ash feeding. 

In the interpretation of these tables it should be kept in mind 
that these standard anemic dogs on long control diet periods of 
standard bread will show an average output of 1 to 3 gm. of 
hemoglobin per week. This is the control base line level and the 
differences noted during the other periods we feel must be due to 
the added diet factors. The “maintenance factor,’’ which is an 
unknown, represents the destruction of hemoglobin and red cells 
due to general circulatory wear and tear. This factor under these 
experimental conditions is approximately a constant due to con- 
stant factors of temperature, exercise, and cage environment. 

TABLE 125. 


Ash Analysis in Gm. 











Liver ash. Kidney ash. | Apricot ash 
lgm. | Ikg. | Ilgm. | Ike 1 gm 209 gm 
crude | fresh erude | fresh | crude dried 
asfed. | liver. | asfed. kidney. as fed apricots 

DR civicnnrnadanee 0.0825 | | 0.0831 | 0.0871 

SiO»e..................| 0.0142 | 0.0834 | 0.0068 | 0.0543 | 0.0071 | 0.0185 
Piicisesateccscessveds 0.0099 | 0.0585 | 0.0136 | 0.1089 | 0.0186 |.0.0484 
Se SAtemnae sas wat 0.0129 | 0.0759 | 0.0178 | 0.1420 | 0.1082 | 0.2813 
MR wakenas $eawancinel 0.0247 | 0.1450 | 0.0280 | 0.1015 | 0.0556 | 0.1445 
__ errr rere 0.00068) 0.0040 | 0.00038! 0.0032 | 0.00032) 0.0008 
PS eee 0.00516} 0.0303 | 0.0133 | 0.1060 | 0.0539 | 0.1401 
Picskkcesauccotanns 0.0084 | 0.0494 | 0.0194 | 0.1540 | 0.0539 | 0.1401 


Table 123 shows that kidney ash is much like liver ash and these 
two ashes could not be differentiated by this physiological test. It 
is quite potent in its influence upon hemoglobin regeneration under 
these experimental conditions. 

Pineapple ash (Table 124) is much less potent in the form here 
tested than are the other ashes. Whether this is due to differences 
of preparation we cannot say but this seems unlikely. Small 
doses of this ash (5 gm. per day) have very little effect but larger 
doses (10 gm. per day) may show more hemoglobin output. This 
last dosage is close to the maximum which can be mixed with the 
standard bread without rendering the mixture unpalatable to the 
dog. In any case this ash seems to be less than half as potent as 


apricot ash. 
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Table 124 also shows considerable contrast in the hemoglobin 
index, the first dog with low index and the second with a high 
index. Fluctuations in the hemoglobin index are of great inter- 
est and have some significance as to the saturation of the red 
cell stroma with hemoglobin. At times there seems to be a 
fluctuation of this index due indirectly to diet factors and such 
changes we believe are of importance. We hope to ascertain 
what factors control the stroma production and eventually to 
dissociate stroma and hemoglobin production as can readily be 
done in bile secretion with dissociation of bile pigment and bile 
salt production. 

Table 125 gives the average values for various ash analyses done 
in this laboratory. The method is outlined above. It is of inter- 
est to note that copper is highest in the apricot ash but abundant 
in all ashes analyzed. Iron is also abundant but more so in the 
kidney. This iron content depends in considerable measure upon 
the blood content of the organ as examined and can be removed to 
a large extent by careful perfusion of the fresh organ. It is known 
that hemoglobin by mouth is not very potent for new hemoglobin 
production in these experiments (7). 

We have tested a considerable variety of salts, based on this 
ash analysis and have made artificial salt mixtures which are 
disappointing in that these materials are largely inert. These 
studies will be continued but the copper and iron salts are promis- 
ing and their influence on hemoglobin must be understood. In 
this type of anemia the iron salts are more potent than are the 
copper salts tested (8). The copper salt reactions are given in 
the accompanying paper. 


CONCLUSIONS. 


Apricot feeding is surprisingly potent in standard anemic dogs 
and causes a large output of hemoglobin above control levels. 
This may amount to 40 to 45 gm. of hemoglobin per 2 week 
period. 

The inorganic ash of dried apricots retains most of the potency 
of the whole apricot and can exert the same favorable influence 
upon red cell and hemoglobin regeneration when incorporated into 
the diet of standard anemic dogs. 
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The inorganic ash of beef liver and pig kidney is likewise potent 
in this type of experimental anemia but this ash contains only 
about half the potent factors present in the whole cooked liver or 
kidney. The liver or kidney ash added to the diet may increase 
the hemoglobin output by 40 to 70 gm. per 2 week period. 

The inorganic ash of pineapple (commercial product) is but 
slightly potent even in rather large doses. 

Analyses of the ash samples of apricot, liver, and kidney are 
tabulated. The figures for copper and iron are of especial interest. 
This study of inorganic constituents is being continued. 
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hipple, . . 

—— We may refer to the tabulated ash analyses of apricots, liver, and 

, 1927, kidney in the preceding paper to show that copper is represented 
in the inorganic residues in considerable amounts. We do not 

'. Biol. propose a review of the literature on copper salts in metabolism 


but refer to papers by Flinn and Inouye (1) and McHargue (5, 6). 


— We may refer to an important paper by Hart, Steenbock, Waddell, 
126-27, and Elvehjem (2), reporting the significant effect of copper salts 

in a nutritional anemia of rats. Our results are somewhat differ- 
27-28, ent, probably because the anemia in the case of our dogs is due 
aesaik to continued bleeding. The influence of copper tartrate or sulfate 


added to the standard diet in our experiments is slight and much 
less than iron salts or the ash of apricots, liver, or kidney. 
Experiments have been reported (8) to show that various 
extracts of whole liver are potent when tested in our anemic stand- 
ard dogs. Active substances are found in watery extracts, in 
alcoholic extracts, and in the extracted liver residues. More of 
these extract data are soon to be published but we believe all this 
evidence points to a group of substances rather than one single 
substance as being responsible for the increased hemoglobin 
production in experimental anemia due to bleeding in dogs. It is 
obvious from the ash feeding experiments that the salts of metals 
are important—they belong in the group of potent substances— 
but we cannot yet say that the ash potency resides in one salt or a 
salt mixture. The evidence in our experiments seems to favor the 
belief that a balanced salt mixture is responsible for the favorable 
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ash reaction and increased hemoglobin production in this type of 
anemia. We have shown (7) that various iron salts are potent in 
this type of anemia, more so than are the copper salts, as tabulated 
below. 

The experiments of Mallory, Parker, and Nye (4) are of interest 
in this connection. They have shown that copper acetate is 
toxic to certain animals in the dosage employed and may produce 
liver cirrhosis. Their experiments were not directed toward the 
hemoglobin problem but toward the large problem of liver cirrhosis. 
Their experiments were done on rabbits chiefly but in their study 
they included guinea pigs which are resistant to the toxic action of 
copper, and rats and monkeys which react apparently somewhat 
like rabbits. Mallory in a recent paper (3) refers to these experi- 
ments and states that sheep are quite susceptible to copper poison- 
ing with resultant liver cirrhosis. There is evidence that these 
doses of copper may cause some toxic hemolysis but the blood 
studies are not given in detail. 

At this time it would be well to keep in mind the experiments of 
Mallory and his coworkers which indicate that copper salts may be 
toxic. The doses used by them are large but they note that some 
animals are much more susceptible than others and we do not 
know whether humans are more sensitive to copper than are 
animals nor do we know whether an anemic patient may be more 
sensitive than a normal person. This point should be emphasized 
to indicate reasons for caution in the administration of copper salts 
in human anemia, as a toxic cirrhosis would be more of a liability 
to a patient than even a stubborn anemia which might yield to 
suitable diet therapy. 


Experimental Observations. 


The methods used in these experiments are reviewed in the 
preceding paper. It is obvious from Table 131 that copper sulfate 
in small doses added to the standard bread ration does not call out 
any large production of new red blood cells and hemoglobin. 
Various doses of copper sulfate are given in this series of experi- 
ments and the amount of copper in the potent ash samples was 
taken as an index of the dosage to be used. The various ashes 
contain about 25 mg. of copper per gm. of ash. The dosages of 


copper in mg. of the metal are given in the tables in parentheses. 
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ype of 
tent in TABLE 131. 
ulated = Copper Sulfate. a. SaaS 
| Food Plas-| | | blood | Blood | Ht 

Rae Diet periods 1 wk. eack Foo | a ed Co! Hb a 3looc » Fe 
a ‘Food, em. per day. |40 | Wt) vol | Ulgod |index.|index.| cell | £48) | meus 
tate is ome.) tocrit 
roduce Dog 24-45, bull, female, adult. 
rd the —_—— — - 
rhosis. eae kg. e. lion ae | fal gm. 
‘ study Bread 350, salmon75..| 100 |19.3|1119| 4,7 | 0.43) 2.09] 20.0 | 42) 1.4 
‘tion of | | | 

’ > = ‘ » Oro | 

1ewhat Copper sulfate 252 | . 

; . i ar | 100 |19.0 1067) 5,0 |} 0 46) 2.16) 21.4 | 46 1.3 
—— Copper sulfate 252 | | 
,OISONn- (65)*. Ss aceail woke 100 |19.2)1082) 5,3 | 0.47) 2.16) 22.9 49 1.6 
» these Ds lie wall | 

blood Bread 350, salmon 75..| 100 |18 81074) 5,3 | 0.48) 2.29) 22.6 | 52 | 11.6 
“ 350, “ 75..| 100 |18.81105| 5,6 | 0.44) 2.16, 22.5 | 49 | 12.4 
we = oa 100 |18.9|1126| 4,7 | 0.47) 2.241 19.7 | 44] 1.8 
ents of = ; 5a we Sat nk: a 
nay be Dog 25-23, bull, male, adult. 
{ some Bread 250, salmon | | | | | 
do not 100, Klim 25........} 100 |13.3) 760) 5,2 | 0.42) 1.92] 22.7 44 1.0 
an are | | | 
© more Copper sulfate 19 (5).¢/ 100 |13.4] 879) 5,3 | 0.43) 1.96) 23.1 | 45 | 1.4 
1asized ‘: “ 19 (5).t| 100 |13.6) 764) 5,9 | 0.46) 1.88) 19.5 | 37 | 14.7 
; vg “ 19 (5).t| 100 |13.5) 803] 5,3 | 0.41] 1.79] 24.4] 44] 1.4 
or salts | | 
one, | 
ability Bread 300, salmon 100, me i 
ield to | eee 95 |13.3) 816) 5,3 | 0.40) 1.80) 23.4) 42) 1.8 
Bread 300, salmon 100, 
Klim 25... ....) 100 113 7 815, 6,4 | 0.36] 1.78] 25.9| 46] 1.4 
Bread 300, salmon 100, 
Klim 25. ...| 100 |13.7) 738] 6,7 | 0.41) 1.90] 21.6 | 41 | 18.6 
in the Bread 350, salmon 100, i 
sulfate Klim 25... ....| 100 |13.9] 852) 6,5 | 0.37] 1.80) 26.4] 48| 1.4 
all out : 
' bi Copper sulfate 252 | 
m- (65)t. 86 13.5] 758] 6,4 | 0.39] 2.01 24.8| 50| 1.7 
experi- Copper sulfate 252 | | 
es was (65)$...............] 98 |13.3) 769} 6,9 | 0.36] 1.96] 25.6 | 50| 1.6 
; ashes Bread 350, salmon 75, 
Kli 25 9 «| Fre ‘ 2% ( 2a 
iges of B pha : ---| 100 |13.5) 758) 7,2 | 0.32) 1.79) 26.0 46 | 0 
ol read 350, salmon 75, 
ses. Klim 25. 100 |13.6| 809] 8,0 | 0.37] 2.00] 21.9 | 44 | 16.4 
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TABLE 131—Concluded. 











Red | 
. Plas- | 
Diet periods 1 wk. each. | {OQ | we. | m2 | blood | Color | Hb | Pent | Bigp’| Ber 
Food, gm. per day. | sumed. | vol- | cells. | index.| index. pema-| level.| bled.’ 
ume./ tocrit. 








Dog 25-23, bull, male, adult—Continued. 





























Ba, | te. | | Tee Pa | Be | om. 
Bread 400, salmon 75, | 
Klim 25............. | 100 |14.0| 886] 7,0 | 0.37] 2.08] 21.5] 45 | 12.8 
Bread 400, salmon 75, | 
es on Stem 91 |13.9) 814) 6,6 | 0.38) 2.01) 20.8 | 42 | 12.4 
Bread 400, salmon 75, | 
| EN 100 14.0) 821] 6,0 | 0.34 1.94) 21.4; 41] 1.2 








Metal salts given in mg. per day; figures in parentheses indicate mg. of 
the metal. 
Klim = dried commercial milk powder. Salmon = commercial canned 


western salmon. 
a —- hemoglobin per cent 
Hemoglobin index = ‘red cell hematocrit per cent 
* Bread 350, salmon 100, daily diet. 
+ Bread 275, Klim 25, salmon 100, daily diet. 
t Bread 350, salmon 100, Klim 15. 





The first experiment (Dog 24-45, Table 131) shows a slight in- 
crease in hemoglobin output in the 2 week after period, amounting 
to about 20 gm. of hemoglobin. This we may assume is due to 65 
mg. of copper as metal or 252 mg. of copper sulfate as salt, given 
each day mixed with the standard bread. Doses of the copper 
sulfate larger than this usually cause lack of appetite and auto- 
matically diminish salt ingestion. The second experiment (Dog 
25-23) shows the slight effect due to a small dose of copper sulfate 
—approximately 12 gm. of hemoglobin production above the con- 
trol period. The second copper salt feeding of larger dosage 
yields a greater increase in hemoglobin production—about 30 gm. 
above control periods. 

Copper tartrate is no more potent than copper sulfate and the 
two experiments in Table 132 show only 10 to 12 gm. of hemoglobin 
production above the control periods. The amounts given are 
40 and 60 mg. of copper metal fed daily. Even the smaller dose 
caused some disinclination for food. ‘There are no noteworthy 
changes in plasma volume although some salts cause a very 
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notable shrinkage of plasma volume in these standard anemic 
dogs. There are great fluctuations in the hemoglobin index which 


TABLE 132. 
Copper Tartrate. 





Red 
Plas- 
: ‘ Food Red blood | Blood} Hb re- 
Diet periods 1 wk. each. con- | Wt.| ™® | blood Color} Hb an Hb |moved. 


*| vol- index.| index. 


ume. 


Food, gm. per day. hema- | level. | bied. 


tocrit. 


sumed. cells. 





Dog 23-3, bull, female, adult. 
| 


per mil- per per 
| cent kg. | ec. lion cent cent 





Bread 325, salmon 100.| 93 (14.3) 770) 4,5 | 0.52) 2.19) 21.3 47] 1.5 





Copper tartrate 169 























ea et ee 77 |14.0) 746) 4,6 | 0.52) 2.16) 21.9 47 1.5 
Copper tartrate 169 | | 

i de memew a4 95 |14.0) 716) 5,3 | 0.48] 2.31| 17.9 | 41 | 11.8 
Bread 200, salmon 100, 

Klim 25...........-.| 100 |13.9] 752) 4,6 | 0.46) 2.16) 19.8 | 43] 1.8 
Bread 250, salmon 100, | | 

Klim 25.............| 100 {14.3} 722] 4,6 | 0.53) 2.26) 21.6} 49 | 1.5 


) ! { | 





Dog 25-23, bull, male, adult. 





Bread 350, salmon 100, | 


re 100 - 920) 5,4 | 0.37) 2.00} 19.8 | 40| 1.2 





Copper tartrate 252 





(60)f,...............] 100 |14.3) 850] 6,5 | 0.49] 2.11] 22.0 | 46 | 14.9 
Copper tartrate 252 | 
ee 100 14.3 864| 5,8 | 0.38] 1.92} 22.7 | 44 1.3 











Bread 350, salmon 100, | | | | 
re 100 |14.3 773| 5,6 | 0.40) 1.88} 23.7 | 44 | 




















Metal salts given in mg. per day; figures in parentheses indicate mg. 
of the metal. 

* Bread 175, salmon 100, Klim 25, daily diet. 

t Bread 300, salmon 100, Klim 25, daily diet. 


we are at a loss to explain. The influence of copper feeding at 
times is late in making its appearance. It is not as uniformly 
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prompt as liver feeding for example. This is true for iron feeding 
in some experiments—also for various salt mixture feeding experi- 
ments which have not yet been reported in detail. 

Table 133 is of especial interest as it shows the combined effect 
of copper and iron salts added to the standard diet. We have 
accumulated a large amount of experimental data on iron feeding 
with a wide variety of dosage and salts. We may refer to some 
published experiments (7) and more data will soon be published. 
The question of iron salts and their reaction in the body in large 
doses, far above the needs for replacement, is a complex problem 
which calls for a large amount of experimental work. These iron 
salts seem to have some “salt action” or “catalytic effect” like 
certain salt mixtures which do not enter into the actual construc- 
tion of the complex hemoglobin molecule. 

At any rate it is obvious that copper salts combined with iron 
are much more potent than copper salts alone when added to 
standard diet in anemic dogs. There is a notable increase in 
hemoglobin output above the base line control level. This 
amounts to from 40 to 80 gm. per 2 week period in the experiments 
of Table 133. The first experiment (Dog 24-25) appears to show 
an output of only 28 gm. of hemoglobin as a result of 20 mg. of 
copper metal and 36 mg. of iron metal given daily, but we note 
that the initial level of 37 per cent hemoglobin is 9 points lower 
than the end level of 46 per cent hemoglobin. To allow for this 
we may assume about 10 gm. of hemoglobin produced to make up 
this difference or a total of 28 + 10 gm. of total hemoglobin output 
due to the iron and copper feeding. 

The second experiment (Dog 24-2, Table 133) shows an 
unusually favorable reaction to copper and iron feeding in fairly 
liberal dosage. The total increase in hemoglobin production due 
to 2 weeks mineral feeding in this dog reaches the high total of 80 
gm. of hemoglobin. From time to time we note these unusual 
reactions and as yet can give no adequate explanation. This 
experiment is not given as typical but to illustrate an unusually 
favorable reaction. We have observed repeatedly by contrast 
certain dogs which at times give absolutely no reaction to iron or 
various salt mixture feeding. Eventually it may be discovered 
that the preceding diet periods, even 3 to 6 weeks before, may be 


in part responsible. 
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ai Food Plat! Red blood | Blood| Hib re- 
Pood, gm. por day |,o0% | W*-| vot [D004 lindes,|index| ,o2U | HE | moved, 
"| tocrit. 
Dog 24-25, bull, male, adult 
cnt | #0: | ©. | Thom cent | cent | 9 

FeCl; 176.5 (36), cop- 

per tartrate 84 (20).*|} 94 |14.5) 826) 3,9 | 0.47) 2.13) 17.5 | 37) 1.1 
FeCl; 176.5 (36), cop- 

per tartrate 84 (20).*| 100 |15.0) 880) 4,9 | 0.48) 2.13) 22.3) 47); 1.4 
Bread 250, salmon 100, 

I hi cc aaens 100 |14.4) 822) 5,6 | 0.55/ 2.10) 24.3} 51 | 29.7 
Bread 250, salmon 100, 

ES 100 |14.4| 847) 4,7 | 0.51] 2.24) 21.4) 48| 1.4 
Bread 250, salmon 100, 

ee 100 |14.0) 832) 4,5 | 0.51) 2.10) 22.1; 46) 1.4 

Dog 24-2, bull, male, adult. 

Bread 350, salmon 100, 

| 78 |15.8} 890] 5,3 | 0.42) 2.01) 22.3] 45] 1.4 
FeCl; 353 (73), cop- 

per tartrate 164 

NE sda a cuos ons 100 |16.5) 902) 6,3 | 0.46] 2.24) 27.9 | 63 | 28.7 
FeCl; 353 (73), cop- 

per tartrate 164 

Pere 100 |16.7| 952} 5,2 | 0.47) 2.29) 21.5 | 49 | 18.6 
Bread 300, salmon 100, 

MND civoxsetvade 100 |16.9| 938] 5,5 | 0.52) 2.27) 23.3 | 53 | 27.1 
Bread 300, salmon 100, 

iid hc sernees 100 |16.7| 925) 5,0 | 0.47) 2.11) 22.2 | 47] 1.6 
Bread 300, salmon 100, 

a 100 |16.7| 938) 5,7 | 0.50) 2.07) 19.8 | 41 | 16.9 
Bread 300, salmon 100, ‘ 
et 100 16.9)1008 4,4 | 0.50) 2.27; 19.2 | 44] 1.3 
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TABLE 133—Concluded. 























| ; = Red | 
Plas- 

Diet periods 1 wk. each. | O04 | w, | ma | pred,|Color| Hb | Plcad | Blood) Hb re 
Food, gm. per day. cummed, *| vol- eaiis. index.| index. hema-|level.| bled.’ 

neat tocrit. | 

Dog 24-26, bull, male, adult. 

per mil- per per | 
cent | *0- | ©: | Lion cent cent | 9™- 

Bread 275, salmon 100, | 
iis a ecceteuieceace 100 {10.9} 638) 4,2 | 0.51) 2.22) 19.3 43; 1.3 


FeCl; 705 (146), cop- 
per tartrate 164 | 
Le a binge awk aie 100 |11.0) 608) 5,0 | 0.46) 2.11) 21.8 | 46) 1.3 
FeCl; 705 (146), cop- 


per tartrate 164 
































Ree 100 |11.2| 628} 6,0 | 0.50] 2.19] 21.0] 46 | 29.6 
Bread 300, salmon 100, | 

Klim 25.............| 91 |10.9) 660} 4,5 | 0.51) 2.19) 21.0] 46] 1.4 
Bread 275, salmon 100, 

ee 82 |10.6) 620) 4,6 | 0.57) 2.27, 19.2 | 44 | 18.4 
Bread 275, salmon 100,| | 

Klim 25.............| 100 110.4) 637| 4,1 | 0.50} 2.16) 19.1 | 41 13 


Metal salts given in mg. per day; figures in parentheses indicate mg. 
of the metal. 

* Bread 250, salmon 100, Klim 25, daily diet. 

t Bread 300, salmon 50, daily diet. 

t Bread 300, salmon 100, Klim 25, daily diet. 





The third experiment (Dog 24-26, Table 133) shows an average 
reaction due to a large dose of ferric chloride and an average dose 
of copper tartrate. It is fair to say that the increased output 
of hemoglobin above control periods (about 40 gm. in this experi- 
ment) is little if any above the expected reaction due to similar iron 
feeding alone. 

The last experiment (Table 134) shows a combined effect of 
copper and zinc. The resultant increase in hemoglobin production 
above control level of 20 gm. is no more than we should expect 
from copper alone. Zinc alone may give us as favorable a reaction 
as the copper alone (9) but when combined the effect is minimal. 

It should be kept in mind that the standard bread used in our 
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experiments contains iron in amounts probably adequate for the 
usual maintenance factor. As fed the bread contains 20 mg. of iron 
as metal per 300 gm. of whole bread. 


TABLE 134. 
Zine Chloride and Copper Tartrate. 





Red | 
Hb blood | Blood! Hb re- 
cell Hb | moved, 


Plas- 
Diet periods 1 wk. each. | FOod | 1 | ma | Red | Color 














Food, gm. per day. oomed. * | vol- cells. index.) index. nomem: | tevel. | bhed. 
—_s tocrit. 
Dog 23-1, bull, male, adult. 
Poe | Ro | ec. | Thom gent | cent | 9™- 
Bread 400, salmon 100.} 100 |17.4/ 925) 5;4 | 0.42) 2.24,19.9 | 45 | 1.4 


Zine chloride 51 (24), 
copper tartrate 169 
(40)*...........6++--] 100 /17.5/1058) 5,4 | 0.40) 2.16) 20.2 | 44) 1.3 
Zine chloride 51 (24), 
copper tartrate 169 





























a 100 |17.6| 988| 5,5 | 0.46) 2.24) 25.3 57 | 11.2 
Bread 400, salmon 100.| 100 |17.5| 972| 5,6 | 0.43} 2.01] 24.1 | 49| 1.5 
“ 400, “ 100.) 100 |17.9| 987] 6,2 0.42! 2.07} 23.1 | 47 | 12.9 
“ 400, “ 100.) 100 |17.8/1047| 5,7 | 0.43) 2.19] 22.0 8| 1.5 


( | 





Metal salts given in mg. per day; figures in parentheses indicate mg. 
of the metal. 
hemoglobin per cent 
red cell hematocrit per cent. 
* Bread 400, salmon 100, daily diet. 





Hemoglobin index = 


CONCLUSIONS, 


Certain metals and their salts when added to the standard diet 
of these anemic dogs have a distinct influence and increase hemo- 
globin production. 

Copper has a positive effect, although moderate in degree, and 
usually increases somewhat the hemoglobin production above 
control levels. 

The iron salt effect is much more notable in our experiments 
than the copper effect. 
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Combined copper and iron feeding may at times have an 


unusually favorable effect or again may not exceed the favorable 
influence of the iron salt feeding alone. 


i) 


P= 
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DETERMINATION OF THE TYROSINE CONTENT OF 
PROTEINS. 


By MILTON T. HANKE. 
(From the Otho S. A. Sprague Memorial Institute and the Department of 
Pathology, University of Chicago, Chicago.) 


(Received for publication, June 19, 1928.) 


In 1925, I published a method for the quantitative colorimetric 
determination of tyrosine.! Up to that time tyrosine had been 
determined either by actual isolation or by colorimetric procedures 
that were applied to the crude hydrolysates. The colorimetric 
procedures employed were not certainly characteristic for tyrosine 
and reactions that are allowed to proceed in the presence of 95 or 
more per cent of compounds that are chemically similar to tyro- 
sine are apt to be influenced by these other compounds. 

The colorimetric procedure devised by K. K. Koessler and 
myself? is unusually characteristic for tyrosine, for, although 
all phenols and many other compounds give colors with diazotized 
sulfanilic acid in alkaline solution, tyrosine and tyramine are pecul- 
iar in that they give very little color, in dilute solution, until these 
solutions are rendered strongly alkaline and then treated with 
hydroxylamine. This color augmentation has, thus far, been ob- 
served only with tyrosine, tyramine, and with two apparently un- 
related compounds, acetone and acetoacetic ester, both enols; so 
it is rather characteristic for tyrosine. This reaction could not, 
however, be employed on a crude protein hydrolysate because any 
amino compound, in sufficient concentration, will give a yellow 
color with alkaline diazotized sulfanilic acid; and that makes a 
reading of the purple color, due to tyrosine, practically impossible. 
I sought, therefore, for a method that would separate tyrosine from 
the bulk of other amino acids and found that when tyrosine is 
boiled in acetic acid solution with mercuric acetate and the cooled 

1 Hanke, M. T., J. Biol. Chem.. 1925, ixvi, 475. 

*Hanke, M. T., and Koessler, K. K., J. Biol. Chem., 1922, 1, 235. 
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liquid treated with sodium chloride, a white precipitate is obtained 
that contains all but traces of the tyrosine. Other amino acids 
are also precipitated to some extent, but they are usually present 
in such small concentrations that the colorimetric determination of 
tyrosine is not interfered with. In short, the mercury treatment is 
not a specific method for precipitating tyrosine. It is merely a 
method for eliminating the bulk of other amino acids so that our 
colorimetric procedure can be used for the estimation of tyrosine. 
There is never any doubt as to the efficiency of the mercury treat- 
ment in any given case because, if other amino acids have not 
been sufficiently removed, an intense yellow color develops during 
the 5 minute reaction period and, when this is the case, a deter- 
mination will be of no value because the results will invariably 
be high. The values recorded in my earlier paper were all obtained 
on samples that gave ideal results. There was, in none of these 
cases, the slightest indication that the interfering substances were 
present. The color finally obtained was free from extraneous 
color and the values recorded most certainly represented tyrosine. 
Samples in which this ideal condition did not exist, and there were 
a few such, were discarded. 

Joseph Looney, in 1926,3 expressed the opinion that results 
obtained with my method are worthless. The mode of procedure 
is not criticized. Looney believes that the colorimetric method 
employed for the determination of tyrosine in the mercury pre- 
cipitate gives low results because of two, what he considers to be 
facts; namely, (1) cystine and tryptophane are precipitated by 
mercuric acetate and will appear, together with tyrosine, in the 
mercury precipitate; (2) at least one of these amino acids, 
tryptophane, interferes seriously with the color production by 
tyrosine, the depth of the color being greatly reduced. 

I readily concede that cystine and tryptophane are precipitated 
by mercuric acetate. Cystine is, however, just one of the amino 
acids that does not interfere with the color production by either 
histidine or tyrosine unless a large amount of cystine is present. 
Tryptophane is not present, in appreciable amounts, in acid 
protein hydrolysates (see “I*xperimental’”’). Looney was, evi- 
dently, not thoroughly familiar with our colorimetric process. 


* Looney, J. M., J. Biol. Chem., 1926, xix, 519. 
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On page 530 of the article cited* we read: “The color produced by 
3 mg. of tyrosine alone is more than four times as deep as the color 
produced by 3 mg. of tyrosine plus 1 mg. of tryptophane.” The 
method that I employed is very delicate, and the reagents are very 
dilute. It is not practical to conduct determinations with more 
than 0.03 mg. of tyrosine, and I usually employ only 0.02 mg. 
A very intense color is obtained with 0.03 mg. of tyrosine, almost 
too intense to read; and the reagent would surely be insufficient to 
give quantitative color production with 3 mg. Looney was using 
concentrations of tyrosine that more than exhausted the reactive 
components of the reagent, so that the colors obtained were far 
from quantitative. The addition of a second substance, trypto- 
phane, that also reacts with the reagent, would, of course, reduce 
the color production by the tyrosine. 


EXPERIMENTAL.! 


The greater part of the work recorded here was performed on 
casein and crystallized egg albumin that were prepared in this 
laboratory. Three methods of hydrolysis were employed; namely, 
sulfuric acid, hydrochloric acid, and sodium hydroxide. 

Hydrolysis with Sulfuric Acid.—Mix 5 gm. of vacuum-dried 
protein with 200 cc. of water and 30 cc. of 95 per cent sulfuric acid, 
and reflux for 30 to 40 hours over an electrically heated sand bath. 
Dilute to 5000 cc. and remove the sulfuric acid with barium hy- 
droxide. Adjust so that the liquid contains just a trace of sulfuric 
acid. Filter, and wash the precipitate carefully with hot water. 
Concentrate in a glass dish on the water bath. Dilute to exactly 
1000 ce. 200 cc. portions of this liquid, containing 1 gm. of hy- 
drolyzed protein, are freed from water by evaporation in glass 
dishes. Preserve in a vacuum desiccator over calcium chloride. 

Hydrolysis with Hydrochloric Acid.—Mix 5 gm. of vacuum- 
dried protein with 65 cc. of 37 per cent hydrochloric acid and 60 
ec. of water and boil for 30 hours. The dark-colored solution is 
subjected to a distillation in vacuo. The last traces of free 
hydrochloric acid are removed by adding 5 cc. of water through the 

‘ All experiments have been conducted in duplicate unless otherwise 


specified. When only one set of figures is given, this represents the mean of 
two identical or nearly identical values. 
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ebullition tube and continuing the distillation. This is repeated 
three times. The dark brown residue is dissolved in 500 ce. of 
water. Add a suspension of carefully washed silver carbonate 
prepared from 10 gm. of silver nitrate. The clear supernatant 
liquid usually contains a trace of silver. Add 6 Nn hydrochloric 
acid, drop by drop, with agitation, until the supernatant liquid 
gives a test for chloride. Heat on the water bath and test again. 
The clear, pale colored, supernatant liquid should finally contain 
just a trace of chloride. Filter. Wash the precipitate carefully 
with hot water and dilute the filtrate to exactly 1000 cc. 200 ec. 
portions of this liquid, containing 1 gm. of hydrolyzed protein, are 
freed from water by evaporation in glass dishes. Preserve in a 
vacuum desiccator over calcium chloride. 

Hydrolysis with Sodium Hydroxide—The method described 
by Folin and Ciocalteu' was followed exactly, excepting that I 
did not find the silver spirals to be essential and found a sand bath 
very satisfactory for boiling the alkaline solution. Hydrolyses 
were conducted on 5 gm. portions of protein. 


Is Tryptophane Destroyed Completely by Acid Hydrolysis? 


1 gm. portions of egg albumin and of casein that had been hy- 
drolyzed by the hydrochloric acid and by the sulfuric acid process 
respectively, were treated with 10 cc. of N H.SOu,, transferred to 
volumetric flasks, and diluted to 100 cc. The vanillin method 
described by Kraus, which I have found to give excellent results 
with pure solutions of tryptophane, was used to determine the 
tryptophane content of these hydrolysates. 

Of the hydrolysate, 1 ce. was mixed with 0.2 cc. of the 0.5 per 
cent vanillin solution and 7.5 ce. of 37 per cent hydrochloric acid. 
The liquid was practically colorless, at the end of 24 hours, in every 
case. Since 0.01 mg. of tryptophane still gives a decided color 
under these conditions, the 1 gm. portions of hydrolyzed protein 
must have contained less than 1 mg. of tryptophane. 

A sulfuric or hydrochloric acid hydrolysis of either egg albumin 
or casein, conducted as described in this paper, leads to a com- 
plete destruction of the tryptophane. 


* Folin, O., and Ciocalteu, V., J. Biol. Chem., 1927, Ixxiii, 627. 
* Kraus, I., J. Biol. Chem., 1925, \xiii, 157. 
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Does the Presence of Tryptophane Interfere with the Color Produc- 
tion by Tyrosine in the Process of Hanke and Koessler? 


1. Tyrosine (1.0 mg.) and tryptophane (1.0 mg.) were mixed 
and diluted with water to 10 cc. Of this solution 0.1 cc. was 
used for the colorimetric tyrosine determinations? which indicated 
the presence of exactly 1.0 mg. in the entire liquid. This experi- 
ment was conducted in triplicate. 

Accurate tyrosine values are obtained when the tyrosine is mixed 
with its own weight of tryptophane. 

2. Tyrosine (1.0 mg.) and tryptophane (2.0 mg.) were mixed 
and diluted with water to 10 cc. Tyrosine was determined 
colorimetrically on 0.1 ce. portions of the liquid. The color ob- 
tained was distinctly yellow as compared with that obtained with 
pure tyrosine and the color intensity indicated the presence of 
0.1125 mg. of tyrosine, or 112.5 per cent of the amount actually 
present. 

3. A similar experiment was conducted on a mixture of 1.0 mg. 
of tyrosine and 3.0 mg. of tryptophane. The color obtained was 
so far off shade that an accurate comparison was impossible. 
An intensity comparison indicated the presence of 0.1275 mg. of 
tyrosine, or 125.5 per cent of the amount actually present. 

Tryptophane does not interfere with the colorimetric determina- 
tion of tyrosine unless the weight of tryptophane present exceeds 
the weight of the tyrosine. When the concentration of trypto- 
phane is high, a yellow color is produced due to the interaction of 
tryptophane with p-phenyldiazonium sulfonate. A colorimetric 
comparison gives the sum of the yellow color due to tryptophane 
and the purple color due to tyrosine. The resultant reading is 
high. 

Having shown that the discrepancy between my previous re- 
sults and those obtained by Folin and his coworkers cannot be 
ascribed to an interference, by tryptophane, with the colorimetric 
process employed, it is next essential to examine the process that 
I used for possible errors. 

The mode of procedure that I used in the tyrosine determinations 
reported in 1925 can be briefly outlined as follows: The acid pro- 
tein hydrolysate is treated, in aqueous solution, with silver sul- 
fate and barium hydroxide which gives a copious precipitate of 
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silver hydroxide that contains all of the histidine. The tyrosine 
was assumed to remain quantitatively in the filtrate. The filtrate 
is freed from silver and barium. It is then concentrated by evapo- 
ration on the steam bath. The residue is suspended in water, 
treated with mercuric acetate and acetic acid, and heated for 3 
hours on the steam bath. Add sodium chloride to the cooled 
mixture and remove the solid by centrifugalization. Repeated 
experiments indicated that tyrosine appears quantitatively in the 
mercury precipitate. The latter is digested with sulfuric acid and 
freed from mercury by means of hydrogen sulfide. 

There are, in this process, three possible sources of error. Some 
tyrosine may be carried down by the silver oxide. The mercury 
precipitation of tyrosine may not be quantitative. Even if tyro- 
sine is quantitatively precipitated by mercury, some tyrosine may 
be lost by adsorption to the mercuric sulfide. 

These possible sources of error have been subjected to experi- 
mental investigation. 


Does Tyrosine Appear in the Silver Precipitate to Any Appreciable 
Extent? 


Casein that had been hydrolyzed with sulfuric acid (2.0 gm.) 
was dissolved in 25 ec. of N H,SO, and the solution transferred to 
a 1000 ce. flask with 50 cc. of water. Add 600 cc. of 0.8 per cent 
silver sulfate solution, mix thoroughly, and add a solution of 30 
gm. of barium hydroxide in 150 cc. of warm water. Cool in an 
ice bath for 30 minutes. Centrifuge. This divides the material 
into two fractions: a silver precipitate which contains all of the 
histidine, and which may contain a small amount of tyrosine, and 
a silver filtrate which contains all or most of the tyrosine. 

Silver Precipitate——This is treated with 50 cc. of 2 N H,SO, 
and mixed thoroughly to bring the silver complexes into solution 
as much as possible. Then add 40 ce. of N HCl and digest on the 
water bath. Adjust with a silver sulfate solution so that the liquid 
contains a trace of chloride. Remove all but a trace of sulfate with 
baryta. Filter. Evaporate to a small volume, transfer with water 
to a 10 cc. graduated cylinder, and dilute to exactly 10 cc. 

The tyrosine content of this liquid was determined by use of 
the method of Folin and Looney’ as well as the Folin and Ciocal- 


7 Folin, O., and Looney, J. M., J. Biol. Chem., 1922, li, 421. 
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teu modification of the Millon reaction. The Folin and Looney 
reaction indicated the presence of 8.83 mg. of tyrosine; the Millon 
reaction, 2.96 mg. of tyrosine.*® 

From this it is quite obvious that a small, but not negligible, 
amount of tyrosine is carried down with histidine in the silver 
precipitate. This has been verified by working with pure solu- 
tions of tyrosine. It is also clear that the two colorimetric methods 
used give entirely different values. Of the two, the Millon reac- 
tion appears to be the more reliable. The merits of these methods 
are discussed later in this paper. 


Tyrosine Is Quantitatively Precipitated as Tyrosino-Mercuric 
Chloride. Mercuric Sulfide Does Not Adsorb Tyrosine. 


Tyrosine (10 mg.) is dissolved in 75 cc. of water. The solution 
is treated with 3.5 gm. of mercuric acetate and 1 cc. of glacial 
acetic acid and heated on the water bath for 3 hours. Cool, and 
add 7.5 gm. of sodium chloride. The mixture is placed in the ice 
chest overnight. It is then centrifuged, and the precipitate washed 
once with 5 cc. of water. 

Mercury Precipitate.—This is digested on the steam bath for 
half an hour with 50 cc. of 2N H.SO,. The nearly clear solution 
is saturated with hydrogen sulfide. Filter after 24 hours, and wash 
the mercuric sulfide thoroughly with water. The filtrate is 
evaporated to a volume of about 50 cc. Transfer to a volumetric 
flask and dilute to 100 ce. 

The tyrosine content of this liquid was determined by three 
methods: 


mg. 
eR IN oS ood occ dnnusetaeksheas keene wseernaae een 9.75 
IE: or ks 9k tise gulp haAtede oa eteedb tne <de cudnt aes 9.70 
NE IN 5, ote gin gears aches emekwniek aiten 9.65 


Mercury Filtrate——This was treated with 25 ec. of Nn H.SO, 
and saturated with hydrogen sulfide. Filter from HgS after 24 
hours, evaporate the filtrate to a volume of approximately 25 cc., 
and dilute to exactly 50 ce. 

8 Quantities of test solution were chosen, throughout this investigation, 


so that the color produced in the standard and that in the test solution 
were almost identical. 
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The tyrosine content of this liquid was determined by two 
methods: 


mg 
NINN oct lad aaikd bs oa Gee awed ames Hen 0.56 
INE 6.055 6. a fees aten new ewaanaa ee 0.417 


A Millon determination could not be conducted on this fraction 
because of its high chloride content. Chlorides were removed from 
a portion of this liquid with silver sulfate. Sulfate was removed 
with barium. The solution finally obtained gave a Millon reac- 
tion that indicated the presence of 0.410 mg. of tyrosine for the 
entire test liquid. 

An entirely similar experiment was conducted on 30 and on 100 
mg. of tyrosine. The recovery of tyrosine in the mercury pre- 
cipitate was practically quantitative in every case. Never more 
than 0.75 mg. of tyrosine remained in the filtrate. The total 
recovery was invariably quantitative. Experiments that have been 
conducted with synthetic mixtures of amino acids and with hy- 
drolyzed proteins, to be reported later in this paper, all lead con- 
vincingly to the conclusion that tyrosine is quantitatively precipi- 
tated as tyrosino-mercuric chloride under the conditions specified 
above and that mercuric sulfide does not adsorb tyrosine. A 
possible 0.4 to 0.75 mg. that may remain in the filtrate is negligible 
in most cases. 


Conclusions. 


Tryptophane is completely destroyed when either egg albumin 
or casein is hydrolyzed with sulfuric acid or with hydrochloric acid. 
Tryptophane does not interfere with the Hanke-Koessler colori- 
metric process for estimating tyrosine unless its concentration 
exceeds that of the tyrosine. Tyrosine is, to some extent, carried 
down in the silver precipitate where we have, heretofore, sought 
only for histidine. Tyrosine can be removed quantitatively from 
a mixture of amino acids as tyrosino-mercuric chloride. Mer- 
curic sulfide does not adsorb tyrosine. 

There is, therefore, only one possible objection to the process 
for determining tyrosine that I described in 1925. The silver 
precipitate is apt to contain a small amount of tyrosine. The 
amount of tyrosine so adsorbed, and it probably is adsorbed, is far 
from sufficient, however, to explain the discrepancies between my 
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values and those obtained by Folin and his coworkers. This has 
led me to examine the processes employed by Folin and his co- 
workers. Experience with the phenol reagent of Folin and Looney 
and with the Millon reaction as modified by Folin and Ciocalteu, 
have led to some interesting observations which I shall present at 
this time. 

Phenol Reagent of Folin and Looney.7—The method described by 
Folin and Looney for the estimation of tyrosine is very simple, 
but considerable experience is required before this method will 
give good checks. A precipitate is almost invariably obtained, 
and, unless this is removed completely, a slight cloudiness of the 
solution may lead to serious errors in judgment as to the color 
intensity of the solution. Folin and Ciocalteu® have overcome the 
latter difficulty; but this work was reported just recently and some 
of my experiments date back over 2 years. I have found that the 
precipitate rarely forms when the determination is conducted as 
follows: 

Mix 1 to 5 ce. of the test solution with 50 cc. of a 5 per cent solu- 
tion of anhydrous sodium carbonate in a 100 ce. precision glass- 
stoppered graduated cylinder. The reagent (2 cc.) is blown force- 
fully into the alkaline solution from a 2 cc. volumetric pipette. 
Insert the stopper and invert the cylinder three or four times as 
rapidly as possible. Dilute with water to 100 cc. after 20 minutes 
and read after 30 minutes. 

Accurate values are obtained with quantities of pure tyrosine 
ranging from 0.5 to 1.5 mg. It is practically always possible to 
arrange an experiment so that the amount of tyrosine falls within 
this range. 

To obtain accurate readings, it is essential that the reagent be 
uniformly disseminated throughout the alkaline solution within 
10 seconds. Folin and his coworkers have repeatedly called atten- 
tion to the fact that the reagent is destroyed by the alkali. Since 
this is a reaction for which 30 minutes are required for a maximum 
color development, I obtained the impression that from 20 to 30 
minutes are required for a complete destruction of the reagent. 
This is, however, not the case. The alkali appears to destroy the 
reagent within 15 seconds, which can be demonstrated as follows. 
Mix 2 cc. of reagent rapidly with 50 cc. of 5 per cent sodium car- 
bonate. Add 1 mg. of tyrosine exactly 15 seconds after the reagent 
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begins to flow into the alkali. A blue color is either not obtained, 
or it is so faint as to be hardly discernible. From this it appears 
that if any reaction is going to occur it must get started within 
15 seconds, or a complete destruction of the reagent will have 
occurred before it has had a chance to come in contact with all of 
the tyrosine. 

Although the method of Folin and Looney gives perfectly ac- 
curate values with pure solutions of tyrosine, this is not always 
true when other amino acids are present. 

A synthetic mixture was prepared, with Pfanstiehl products 
throughout, that contained 0.10 gm. each of the following amino 
acids: glycine, alanine, a-amino-n-valerianic acid, valine, leucine, 
isoleucine, aspartic acid, glutamic acid, phenylalanine, arginine, 
and histidine. To this was added 0.0300 gm. of tyrosine. This 
mixture of amino acids will be referred to as Mixture 1. 

Experiment A.—Mixture 1 was dissolved in N H.SQu,, the solu- 
tion transferred to a 100 cc. volumetric flask and diluted with n 
H,SO, to 100 cc. The Folin and Looney reaction indicated the 
presence of 32.25 mg. of tyrosine, 107.5 per cent of the amount 
actually added. The Millon reaction of Folin and Ciocalteu® 
indicated the presence of 30 mg. of tyrosine, 100 per cent of the 
amount actually added. 

The Millon reaction gives the correct value in this case. The 
Folin and Looney value is 7.5 per cent high. 

Experiment B.—Mixture 1 was mixed with 0.1000 gm. of cystine, 
the solid dissolved in N H.SO,, and diluted to 100 ce. The Folin 
and Looney reaction indicated the presence of 32.25 mg. of tyro- 
sine, 107.5 per cent of the amount added. A white precipitate 
formed when the solution was heated with the Millon reagent, 
which turned red when the sodium nitrite was added. It was 
centrifuged to remove this precipitate. The color of the clear, 
supernatant liquid indicated the presence of 22.5 mg. of tyrosine, 
75 per cent of the amount actually added. 

Cystine has no effect upon the Folin and Looney value of a 
synthetic mixture of amino acids. The tyrosine value remained 
7.5 per cent high. The Millon procedure of Folin and Ciocalteu 
cannot be used when cystine is present. 

Experiment C.—Mixture 1 was treated with 75 cc. of water, 
1 ce. of glacial acetic acid, and 3.5 gm. of mercuric acetate. Heat 
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on a water bath for 3 hours. Cool. Add 7.5 gm. of sodium 
chloride and allow to stand in the ice chest overnight. Proceed 
as described on page 593. 

Mercury Precipitate-—The final volume of this fraction was 100 
ec. The Folin and Looney procedure indicated the presence of 
29.7 mg. of tyrosine in the entire 100 cc. sample, 99 per cent of the 
amount originally added. The Millon procedure indicated the 
presence of 29 mg. of tyrosine, or 97 per cent of the amount origi- 
nally added. 

Mercury Filtrate-—This was freed from chloride with silver 
sulfate and from mercury with hydrogen sulfide. Filter and evapo- 
rate the filtrate to a small volume. Finally dilute to 50 ce. The 
Folin and Looney procedure indicated the presence of 0.86 mg. of 
tyrosine in the total filtrate. The mercury precipitate from a 
synthetic mixture of amino acids that does not contain cystine con- 
tains practically all of the tyrosine. Approximately the same 
amount of tyrosine is indicated by either the Folin and Looney or the 
Millon process. 

Experiment D.—Mixture 1 was mixed with 0.1000 gm. of 
cystine. Experiment C was then duplicated in every detail, 
excepting that the mercury filtrate was discarded. 

Mercury Precipitate.—The final volume of this liquid was 100 ce. 
The Folin and Looney procedure indicated the presence of 52.6 mg. 
of tyrosine, or 175 per cent of the amount actually added. 

This experiment has been repeated six times and values ranging 
from 143 to 175 per cent have been obtained. These values are, 
of course, entirely unreasonable. A perfectly accurate tyrosine 
figure can always be obtained with this material by mixing 3 cc. 
of the solution with 50 cc. of 5 per cent sodium carbonate and 
allowing the solution to stand for 2 hours before addition of the 
reagent. 


3 ce. solution (slow process) = 16.6 mm, 
1 mg. tyrosine = 15.0 “ 


= 30.1 mg. of tyrosine, or 100 per cent of the amount actually added. 


Experiment E.—Experiment D indicates that when a mixture of 
amino acids containing cystine and tyrosine is boiled with 
mercuric acetate, products are formed that give a color with the 
Folin and Looney reagent, thus leading to an erroneous conception 
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as to the concentration of tyrosine. This error can be corrected 
by allowing the tyrosine-containing solution to remain in contact 
with the sodium carbonate for 2 hours before adding the reagent. 
Cystine appears to be the chief disturber. The next logical ques- 
tion is: Does the mercury treatment (1) produce a change in the 
cystine so that a color is obtained with it, (2) is it necessary to have 
present both cystine and tyrosine, or (3) must cystine be present 
together with tyrosine and with other amino acids? 

Cystine does not give a color with the Folin and Looney reagent. 
Cystine that has been boiled with mercuric acetate and pre- 
cipitated in the customary manner with sodium chloride, does not 
give a color with the Folin and Looney reagent. 

A mixture of 50 mg. of cystine and 50 mg. of tyrosine was 
subjected to the mercury precipitation process. The final volume 
of the test liquid was 100 cc. The Folin and Looney procedure 
indicated the presence of 60 mg. of tyrosine, or 120 per cent of the 
amount actually added. This experiment was repeated four 
times. The results varied from 110 to 127 per cent. Normal 
values are always obtained with the “slow” process described 
above. 

There can be no doubt, therefore, that cystine is a disturbing 
factor; but.the effect is certainly not due to a direct action of the 
mercury-treated cystine on the reagent. The action seems, rather, 
to be due to an effect of the mercury-treated cystine on the 
tyrosine and this effect is intensified when other amino acids are 
present. A more complete study of this phenomena is now in 
progress. 

I have used the “slow” process on a number of samples of 
hydrolyzed egg albumin and casein, but have never found any 
significant difference between the values so obtained and those 
obtained in the usual manner. 

The Folin and Looney values are almost invariably higher than 
those obtained by the Millon process or by the Hanke-Koessler 
process. A startling deviation from the truth, as this is illustrated 
in the above experiment, is apt to make one just a little skeptical 
of the values obtained by this method. 

Millon Process of Folin and Ciocalteu.’—This process gives 
accurate results with solutions of pure tyrosine. It cannot be 
used when cystine is present. Solutions that contain cystine give 
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a precipitate during the 15 minute period of heating (or even on 
standing at room temperature) and this precipitate contains 
tyrosine. Perfectly clear solutions are rarely obtained with 
protein hydrolysates—either alkaline or acid—when the process is 
carried out exactly as described by Folin and Ciocalteu. This 
slight turbidity registers as additional color and the reading 
obtained will depend largely upon the individual’s interpretation 
as to how much of this shadow shall be disregarded. Readings 
that varied 20 per cent have been obtained by four persons in this 
laboratory. All of these persons are experienced in the use of a 
colorimeter. 

The turbidity is not obtained until after the reaction liquid is 
diluted with water, and it can usually be avoided by diluting with 
n sulfuric acid. The clear,:red solutions never do become turbid. 
The red color fades slowly, so that, after 18 hours a straw-colored 
solution remains. 

It is, of course, unnecessary when one is working with acid hydro- 
lysates to proceed exactly as noted by Folin and Ciocalteu be- 
cause tryptophane is not present. For such determinations I have 
prepared a solution which embodies all of the various solutions 
advocated by Folin and Ciocalteu (to make the results comparable 
with those obtained when working with alkaline hydrolysates). 
This solution, which I shall subsequently refer to as the Millon 
reagent, is compounded as follows: Mix 80 ce. of a 15 per cent 
solution of mercuric sulfate in n sulfuric acid with 200 cc. of a 
1.5 per cent solution of mercuric sulfate in 2 N sulfuric acid, and 
120 ce. of 7 N sulfuric acid. The determinations on acid hydroly- 
sates are then conducted as follows: 

Mix 2 to 10 ce. of the acid hydrolysate with 20 ce. of the Millon 
reagent in a 50 cc. volumetric flask. Heat for 15 minutes in a boil- 
ing water bath. Cool. Add 1 ce. of a 2 per cent sodium nitrite 
solution. Mix. Dilute to 50 cc. with n sulfuric acid. A 2 mg. 
tyrosine standard is treated as above (the initial volume being the 
same as that of the test solution) and heated simultaneously with 
the test solution. Comparisons are made in a colorimeter. 


Determination of Tyrosine in Casein and Egg Albumin. 


1. Tyrosine (?) was determined in crude, acid hydrolysates as 
described above and in crude alkaline hydrolysates freed from 
tryptophane, by use of the method of Folin and Ciocalteu. 
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2. Tyrosine was precipitated from the crude, acid hydrolysates 
as tyrosino-mercuric chloride as described above. The tyrosine 
content of the mercury precipitate and filtrate was determined 
by the Folin and Looney and by the Millon procedures. To 
employ the Millon procedure on the mercury filtrate it is, of 
course, essential to remove chlorides.® 

3. Tyrosine was determined in the mercury precipitate fraction 
with the fractionation method described in my previous publica- 
tion.! This involves a precipitation of the crude hydrolysate with 
Ag:SO, and Ba(OH): and a subsequent preparation of tyrosino- 
mercuric chloride from the silver filtrate. A small amount of 
tyrosine appears in the silver precipitate. This fraction was, 
accordingly, tested for tyrosine by the Folin and Looney and by 
the Millon process. 

The proteins used were prepared in this laboratory. Analyses 
were carried out on an old and on a freshly prepared sample of 
proteinineach case. The effect of different methods of drying was 
also studied. The results are summarized in Table I. 

Each experiment represents a separate hydrolysis, not merely a 
separate colorimetric determination. The figures recorded are the 
mean values ascertained from two to six separate colorimetric 
determinations. 


DISCUSSION. 


Of particular note in the first series of four experiments are the 
absolute uniformity of the Millon values on the mercury precipi- 
tate (4.84 per cent tyrosine), the divergence between the values 
obtained on the mercury precipitate and those obtained on the 
crude hydrolysate (from 0.5 to 0.9 per cent), and the almost com- 
plete absence of chromogenic substances in the mercury filtrate. 
Experiments 5 and 6 merely show that the results are identical 
with H,SO, or with HCl hydrolysis. Experiments 7 and 8 are a 
verification of my previously reported results. The tyrosine 


® Chloride ion was removed from these filtrates with silver sulfate so that 
the Millon determination could be conducted. The Folin and Looney 
determination was carried out on the filtrate that contained sodium chloride 
and from which mercury had been removed with hydrogen sulfide, as well 
as on the portion of filtrate that had been freed from chloride with silver 
sulfate and from mercury with hydrogen sulfide. 
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content of this casein, as determined in the mercury precipitate 
after silver precipitation, is 4.5 per cent regardless of the method 
employed for the determination. This value is not quite accurate 
because a small amount of tyrosine is carried down with the silver 
precipitate. The Millon process gives 0.32 per cent tyrosine as the 
amount that is carried down with the silver oxide. If we add the 
amount of tyrosine recovered in the silver precipitate to that 
determined in the mercury precipitate we obtain 4.82 per cent 
tyrosine, which is identical with the value obtained when the 
crude hydrolysate is subjected directly to a mercury precipitation. 

This is additional proof that the mercury precipitate contains all 
of the tyrosine. I feel justified in concluding that this sample of 
casein contained 4.8 to 4.85 per cent of tyrosine. 

Experiments 9 and 10 were conducted on a freshly prepared 
sample of casein. This sample contains 5.45 per cent tyrosine 
which is 0.6 per cent more than was contained in the old sample. 
This difference may have been due to oxidation of tyrosine in the 
old sample or it may merely represent an inherent difference in the 
two preparations. It may be possible that casein fror> different 
cows or from the same cow at different times may vary slightly in 
composition. Then, too, the methods employed in preparing 
proteins are not absolutely certain to yield a chemical entity. 

Experiments 11 and 12 show the effect of high temperature dry- 
ing on the tyrosine content of casein. The samples lost only 3 
mg. per gm. during a 4 day heating period. A slight coloration 
developed and the tyrosine content was reduced (from 5.45 to 
5.25 per cent). The effect of heating is even more marked in the 
case of egg albumin (see Experiments 21 to 24). Folin and 
Ciocalteu obtained higher tyrosine values using the Millon pro- 
cedure on an alkaline hydrolysate than had previously been 
obtained on acid hydrolysates with the Folin and Looney pro- 
cedure. They interpret this higher value as being due to a more 
complete hydrolysis in alkaline solution. Experiments 13 to 15 
show that this interpretation is incorrect. 

The experiments on egg albumin are schematically identical 
with those on casein and the conclusions are identical. For 
details see Table I, Experiments 16 to 25. 
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CONCLUSIONS. 


This method previously outlined by me for the determination of 
tyrosine in proteins gives results that are somewhat too low (0.3 
to 0.6 per cent) because a small amount of tyrosine is carried down 
with the silver oxide in the silver precipitation process for the 
removal of histidine. This silver precipitation was an essential 
part of the process, at that time, because the colorimetric procedure 
for determining tyrosine also gives a color with histidine, and, 
unless histidine is removed, some of it appears in the mercury 
precipitate together with the tyrosine. The only other method of 
any merit for determining tyrosine that was available at that 
time was that of Folin and Looney. This method is not specific 
for tyrosine nor even for phenols. The experiments just described 
strengthen my belief that this method is not thoroughly reliable 
excepting on pure solutions of tyrosine. The modified Millon 
procedure of Folin and Ciocalteu appears, under proper conditions, 
to give very uniform results, and the tyrosine content as deter- 
mined by their method is identical with that determined by the 
method of Hanke and Koessler. The Millon procedure has the 
advantage that it can be used to determine tyrosine in the presence 
of histidine. 

A crude protein hydrolysate, either acid or alkaline, appears to 
contain something other than tyrosine or tryptophane that reacts 
with both the phenol reagent of Folin and Looney and the Millon 
reagent of Folin and Ciocalteu. This may be one substance, or 
there may be several; but whatever it is, it does not react in an 
identical manner with both reagents. Higher values are almost 
invariably obtained with the phenol reagent of Folin and Looney. 

Tyrosine appears to be quantitatively precipitated, even from a 
mixture of amino acids and such other substances as might be 
present in a protein hydrolysate, when it is boiled in acetic acid 
solution with mercuric acetate and the mixture treated with 
sodium chloride. Removal of the mercury with hydrogen sulfide 
from either the mercury precipitate or filtrate does not lead to 
adsorption of tyrosine. Tyrosine determinations on the mercury 
precipitate give practically identical values regardless of which 
method of determining tyrosine is employed. Obviously, then, 
this precipitate, although it contains the tyrosine, does not contain 
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the other substances that react with either the Folin and Looney 
or the Millon reagent. 

The filtrate from the mercury precipitate contains only a 
negligible amount of tyrosine, and, in most cases, it does not 
contain anything that reacts with either the Folin and Looney or 
with the Millon reagent. The chromogenic substances, other 
than tyrosine, disappear somehow in the course of the mercury 
treatment. The mercury precipitation process appears, there- 
fore, to have a value that was not suspected at the time of its 
introduction. It not only separates the tyrosine from the bulk of 
other amino acids but it also removes substances, other than 
tyrosine, that react with both the phenol reagent of Folin and 
Looney and with the Millon reagent of Folin and Ciocalteu. 

I believe that the tyrosine content of a protein can be accurately 
determined by conducting a colorimetric Millon determination on 
the mercury precipitate fraction from a crude, protein hydrolysate 
as outlined in this paper. 

The method outlined in my previous publication can be recom- 
mended for use in such cases where it is desirable to determine both 
histidine and tyrosine in the same sample of material. It must be 
remembered, however, that some of the tyrosine appears in the 
silver precipitate where it can easily be determined with the 
Millon procedure of Folin and Ciocalteu. It might be well to call 
attention to the fact here that the colorimetric determination of 
histidine by the method of Koessler and Hanke in the silver 
precipitate, may, at times, be rendered difficult by the fact that 
the color obtained is slightly too yellow. This difficulty can 
almost invariably be overcome by subjecting the silver precipitate 
fraction to a precipitation with phosphotungstic acid as described 
in the paper by Hanke and Koessler.'° The color obtained with 
the phosphotungstic acid precipitate fraction is identical with that 
obtained with histidine. 

Where enough material is available to make this possible, I 
would recommend determining histidine and tyrosine separately 
on two samples of hydrolysate, histidine to be determined in the 
phosphotungstic acid precipitate as outlined by Hanke and 
Koessler’’ and tyrosine as follows: 


1° Hanke, M. T., and Koessler, K. K., J. Biol. Chem., 1920, xliii, 527. 
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1. Hydrolyze the protein with sulfuric acid and remove the 
sulfuric acid as outlined above. 

2. The water-free residue finally obtained is transferred to a 
250 cc. Florence flask with 75 cc. of water. Add 1 cc. of glacial 
acetic acid and 3.5 gm. of mercuric acetate and heat on the water 
bath for 3 hours. Cool. Add 7.5 gm. of sodium chloride, mix 
until dissolved, and cool in the refrigerator for 24 hours. Centri- 
fuge. This divides the material into a mercury precipitate which 
contains all but negligible traces of the tyrosine as tyrosino- 
mercuric chloride, and a filtrate which can be discarded. 

3. The mercury precipitate is digested on the steam bath for 
15 minutes in the centrifuge tube with 25 cc. of 2N H.SO,;. Trans- 
fer the mixture to a 250 cc. flask with an additional 25 cc. of 2 n 
H.SO, and 100 ce. of water. Saturate the mixture with hydrogen 
sulfide, stopper the flask, and allow to stand overnight at room 
temperature. Filter. Wash the mercuric sulfide thoroughly with 
water. Concentrate the filtrate to a volume of 50 cc. on the water 
bath, transfer to a volumetric flask, and dilute to 100 ce. 

4. Determine tyrosine by use of the Millon procedure as out- 
lined above. 

The method just outlined gives perfect checks when it is 
employed on several samples of the same protein that have been 
dried and handled in an identical manner. The method used in 
drying the protein has a marked effect upon its tyrosine content. 
Samples that have been heated contain less tyrosine than those that 
have been dried in vacuo. 

A preparation of casein, and one of egg albumin, that had been 
prepared several years ago, contained less tyrosine than did 
freshly prepared samples of the same protein. This may be 
interpreted as a loss due to ageing (oxidation ?); but it was not 
possible to prove this. This result may also be interpreted as 
being due to an original difference in the composition of the 
protein samples. It is not possible, at present, to make a definite 
statement with regard to this latter possibility because a uniform 
method for determining tyrosine has not yet been adopted and I 
do not believe that colorimetric determinations conducted on 
crude hydrolysates are an accurate index of the tyrosine content of 
the protein. A comparison of values obtained on crude hydroly- 
sates, by different investigators using the same method, should, 
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however, be of some value. Let us, for example, examine the 
casein situation. Folin and Denis in 1912, using the phenol 
reagent on an acid hydrolysate (which was not hydrolyzed suffi- 
ciently but which should have been fairly free of tryptophane) 
determined a tyrosine content of 6.5 per cent. Looney refers to 
this as being the summation value of tyrosine and tryptophane; 
but this could hardly be true when the method of hydrolysis is 
considered. Folin and Looney, in 1922, using the phenol reagent 
on an acid or an alkaline hydrolysate determined a tyrosine con- 
tent of 5.35 per cent. Folin and Ciocalteu, in 1927, using their 
Millon procedure (which should give results that are lower than 
those obtained by the phenol reagent) determined a tyrosine 
content of 6.37 and 6.55 per cent on two different samples of 
casein. My values on the crude, acid hydrolysate are 5.56 per 
cent with the Millon reagent on one sample of casein and 6.1 per 
cent (Folin and Looney) and 5.9 (Millon) on a second sample of 
casein. It appears, therefore, that every sample of casein investi- 
gated contained a different amount of tyrosine. 

A perusal of the article by Folin and Ciocalteu® is rather 
illuminating in this connection. They state, on page 646 in dis- 
cussing edestin, ‘According to Folin and Looney, edestin should 
contain 1.40 per cent tryptophane and 5.7 per cent tyrosine. 
The latter figure must be due to some serious error, for the Folin- 
Looney process could not possibly give such a tyrosine figure for 
edestin. In his recent paper on the subject, Looney records the 
tyrosine of edestin as 4.58 percent. ... . These figures are sub- 
stantially identical with the values obtained by the methods 
described in this paper— . . . . tyrosine 4.53 percent.”” With all 
due respect for Dr. Folin’s opinion in the matter, it is hard for me 
to believe that he and Looney could actually have made such an 
error because, although a slip is conceivable on one determination, 
they must surely have conducted these experiments in duplicate. 
I am inclined to believe that both figures are right and that the 
differences may represent either differences in the edestin or in the 
age or the method of drying the protein. 

Folin and Looney determined 3.4 per cent tyrosine in gliadin. 
This was revised later by Looney to 3.04 per cent and then by 
Folin and Ciocalteu to 3.1 per cent. 

These few examples, which could be multiplied considerably, 
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indicate strongly that the tyrosine content of proteins, as they 
are prepared for analysis, varies considerably for different samples 
of the same protein. Definite conclusions can hardly be drawn 
until a method is adopted for comparison that really determines 
tyrosine. I do not believe that the figures quoted here, all of 
which were obtained on crude hydrolysates, are an accurate index 
of the tyrosine content of the proteins. 

The experimental data presented in this paper indicate that 
tyrosine can be quantitatively precipitated as tyrosino-mercuric 
chloride. The Millon method of Folin and Ciocalteu appears to 
give an accurate idea as to the tyrosine content of this precipitate. 
Determinations conducted on the mercury precipitate check 
perfectly for any given sample of protein but here, too, the tyrosine 
content is found to be different for different samples of the same 
protein. Thus one of my samples of casein contained 4.85 per cent 
tyrosine, the other 5.45 per cent. 


SUMMARY. 


1. The figures that I reported in 1925! for the tyrosine content of 
proteins are somewhat low (0.3 to 0.6 per cent). The low results 
are not due to the interference, by tryptophane, with the colori- 
metric process employed (as suggested by Looney) but to the fact 
that a small, but not negligible, amount of tyrosine is carried down 
by silver oxide and appears in the histidine fraction. 

2. Tyrosine can be quantitatively precipitated from a crude 
protein hydrolysate as tyrosino-mercuric chloride. 

3. The Millon procedure suggested by Folin and Ciocalteu gives 
very consistent, and I believe, accurate, tyrosine figures when the 
method is applied to the tyrosine fraction (that precipitated by 
mercuric acetate plus NaCl). 

4. Crude protein hydrolysates appear to contain something 
other than tyrosine (or tryptophane) that reacts with both reagents. 
Higher values are almost invariably obtained with the phenol 
reagent. This substance disappears, somehow, in the course of 
the mercury precipitation process. 

5. The tyrosine content of a given protein appears not to be 
absolutely constant. This may be due to an inherent difference in 
the tyrosine content, changes brought about by the method of 
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preparation, or changes produced by the process used in drying 
the sample for analysis. Old preparations of both casein and egg 
albumin contained less tyrosine than those that had been freshly 
prepared. Samples that have been heated at 110° contain less 
tyrosine than those that have been dried in vacuo. 


I take pleasure in acknowledging the able assistance of Mr. C. 
M. Marberg. 
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A COLORIMETRIC METHOD FOR THE DETERMINATION 
OF INORGANIC PHOSPHATE IN BLOOD SERUM. 


By 8. L. LEIBOFF. 


(From the Biochemical Laboratory of Lebanon Hospital, New York.) 
(Received for publication, July 27, 1928.) 


The methods most generally used for the determination of 
phosphates in blood are based upon the reduction of phospho- 
molybdie acid to the blue molybdie oxide, the color of which is 
compared to a solution containing a known amount of phosphate. 
The first method based upon this principle was introduced by Tay- 
lor and Miller (1) and was later modified by Bell and Doisy (2), 
Briggs (3), Benedict and Theis (4), and Fiske and Subbarow (5). 
However, the conditions necessary to obtain quantitative results 
have to be very carefully adjusted. Thus Roe, Irish, and Boyd 
(6) found the following conditions to influence greatly the produc- 
tion of the blue color: the concentration of the molybdie acid; 
the concentration of the reducing agent; the time allowed for the 
completion of the reaction; the hydrogen ion concentration; the 
presence of salts; and the amount of phosphate in the sample to 
be analyzed. 

It is evident that a method in which most of these obstacles could 
be eliminated would be worth while. Such a method is made pos- 
sible by using a soluble uranium salt for isolating phosphate from 
solution, since phosphate combines quantitatively with uranium 
to produce an insoluble salt. A volumetric procedure based upon 
this principle for the determination of phosphate in urine has 
been in vogue for many years. Gibson and Estes (7) have modi- 
fied the method for urine into a colorimetric procedure by adding 
a solution of uranium acetate of known strength in excess of the 
amount necessary to precipitate the phosphate completely, and 
after removing the insoluble uranium phosphate by filtration, de- 
termining the excess uranium acetate colorimetrically. Sato (8) 
applied this technique to feces and urine, but instead of deter- 
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mining the excess uranium, he washed the uranium phosphate on 
a filter paper until all soluble uranium was removed; he then re- 
dissolved the uranium phosphate and determined the amount of 
uranium colorimetrically. 

I have applied this procedure with a number of modifications 
to the determination of phosphate in blood serum with very good 
results. There is very little interference from the substances nor- 
mally present in blood and from the reagents used in the perform- 
ance of the test. The only factor that has to be carefully adjusted 
is the acidity of the serum filtrate. This point will be discussed 
fully later. 

Process.—The serum proteins are removed with trichloroacetic 
acid and the phosphate precipitated as uranium phosphate in an 
acetic acid medium which contains ammonium acetate. The 
precipitate is washed free from uranium acetate, redissolved in 
trichloroacetic acid, and the color developed with potassium 
ferrocyanide. 


Method. 


Place 2 cc. of serum in a test-tube, and add 4 ce. of distilled 
water and 4 cc. of 20 per cent trichloroacetic acid. Shake well, 
let stand for 10 minutes, and filter through an ashless filter paper. 
When the filtration is complete a little more than 5 cc. of filtrate is 
obtained. Place 5 cc. of the filtrate into a conical 15 cc. centrifuge 
tube which is graduated at 10 cc. Into a similar tube place 5 ce. 
of the standard phosphate solution. Add to each tube a drop of 
brom-thymol blue indicator solution. Add dilute ammonium 
hydroxide until the solution turns blue (pH 7.6). Add 0.3 ce. 
more of the dilute ammonium hydroxide and then add 5 percent 
acetic acid solution until the color just turns yellow (pH 6.0). 
Add 1 ce. of uranium acetate solution and 2 cc. of 95 per cent alco- 
hol. Let stand for 1 minute, shake well, and let stand for 15 
minutes. Centrifuge for about 3 minutes at moderate speed 
and pour off the supernatant fluid, letting the tube drain fora 
minute by touching its mouth against a clean filter paper in order 
to remove the last drop. Add 5 cc. of 20 per cent alcohol and break 
up the precipitate with a thin glass rod; add 5 cc. more alcohol, 
washing off the rod. Centrifuge and pour off the supernatant 
fluid as before. Wash once more with 10 cc. of 20 per cent alco- 
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hol and pour off the supernatant fluid. All of the excess uranium 
acetate is thus completely removed. Dissolve the precipitate in 
1 ec. of 20 per cent trichloroacetic acid. This is best done by hold- 
ing the tube at its mouth between the thumb and the index finger 
of the right hand and repeatedly hitting the bottom of the tube 
against the palm of the left hand. Hold up against the light to 
make sure that the precipitate is completely dissolved. Add 5 
ec. of water and 1 cc. of a 10 per cent solution of potassium ferro- 
cyanide, and fill up with water to the 10 cc. mark. Mix, let stand 
for about 2 minutes, and compare in the colorimeter, setting the 
standard at 20 mm. 


Calculation of Results. 


8 . 

R X 5 = mg. phosphorus in 100 cc. serum. 
S = reading of standard in mm. 
R= . “ unknown“ “ 


Preparation of Reagents. 


1. Trichloroacetic Acid.—This reagent is not obtained com- 
mercially in very pure state and may contain traces of phosphate. 
Since it boils at 195° without breaking down, it is advisable to 
purify it by distillation. 

2. Standard Phosphate Solution.—Carefully weigh out 0.2193 
gm. of pure dry KH,PO, and dissolve in water in a 200 cc. volumet- 
ric flask, making up with water exactly to the mark. Place 20 
ec. of this solution into a 500 cc. volumetric flask half filled with 
water, add 200 cc. of 20 per cent trichloroacetic acid, and make 
up to the 500 cc. mark with water. 5 cc. of this solution contain 
0.05 mg. of phosphorus which is equivalent to 5 mg. per 100 cc. 

3. Ammonium Hydroxide.—28 per cent NH,OH diluted 1:5. 

4. Brom-Thymol Blue.—0.5 per cent solution. 

5. Uranium Acetate Solution—Dissolve 20 gm. of uranium ace- 
tate in a liter flask half filled with water (do not heat). Add 30 
ec. of glacial acetic acid and make up with water to a liter. Mix 
well until practically all of the uranium acetate is dissolved (some 
undissolved substance will remain). Let stand for 2 days and filter 
through an ashless filter paper. Any phosphate that may have 
been present in the uranium acetate is thus removed. 
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DISCUSSION. 


The trichloroacetic acid in the serum filtrate and in the standard 
must be completely neutralized since uranium phosphate is 
highly soluble in this acid and no precipitation of phosphate will 
occur even in the presence of an excess of acetic acid. After 
the trichloroacetic acid is neutralized, an excess of ammonia is 
added in order to produce an excess of ammonium acetate upon 
neutralization with acetic acid. This is necessary because uranium 
phosphate is somewhat soluble in acetic acid and the ammonium 
acetate, by depressing the hydrogen ion, prevents the solution of 
uranium phosphate by the acetic acid. 
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The amount of acetic acid added is of extreme importance. 
If the alkali is not completely neutralized some uranium will 
precipitate as NH,UO,.O;7. When very little acid is present more 
phosphate is precipitated than when acetic acid is present in 
greater concentrations. If too much acetic acid is used precipita- 
tion of uranium phosphate will be hindered or entirely prevented 
even in the presence of ammonium acetate. The influence of acid- 
ity is shown by the curve (Fig. 1) in the accompanying diagram 
where colorimetric readings are plotted against acidity. 

Thirty-four tubes were set up, each containing 5 cc. of the tri- 
chloroacetic acid phosphate standard. They were divided into 
two sets of seventeen tubes each. One set was neutralized with N 
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NaOH and the other with nNH,OH. Varying amounts of normal 
acetic acid were added to the tubes in each set and the amount of 
phosphorus determined colorimetrically as described in the method. 
One of the tubes showing a color of medium intensity was used as a 
standard, set in the colorimeter at 20 mm., and the rest of the tubes 
were read against it. 

The curves obtained with the sodium and ammonium hydroxides 
show that the use of ammonia as a neutralizing agent is preferable 
to the use of sodium hydroxide. Inthe ammonia curve a maximum 
coloration occurs in the first four tubes. In this region the curve is 
very sharp. In the zone between 0.1 and 10 cc. of added normal 
acid there is no change in the intensity of the color produced. 
While the color in the first four tubes, where the acidity is low, is 
more than twice as deep as in the remaining tubes and should 
therefore be preferable in a colorimetric method, yet the disad- 
vantage of the low margin of safety is too great to use low acidity. 
While the color is lighter in the remaining tubes, a straight line is 
obtained over a large range of acidity; thus by using higher acidity 
sources of error due to acidity are avoided. The mid-point of 
acidity on the straight line was chosen as the proper acidity to 
be used in the method. 

In the beginning of the experiment NaOH was used as the neu- 
tralizing agent and it was thought that the deeper colors produced 
at the lower range of acidity were possibly due to some NaUO,0; 
being precipitated since the NaOH, being a strong base, is easily 
dissociated and produces free OH~ ions, thus precipitating uranium 
oxide. That such was not the case was easily proved by the fol- 
lowing experiments. 

Experiment 1.—Controls containing trichloroacetic acid and no 
phosphate, when made just acid to brom-thymol blue without 
further addition of acid, repeatedly failed to produce a precipitate, 
even after standing overnight. 

Experiment 2.—Added phosphate was completely recovered 
from solutions containing both very low and high acidity. Two 
sets of six tubes each were set up to which increasing amounts of 
phosphate were added. In one set the reaction was adjusted just 
acid to brom-thymol blue, while to the other set were added 5 
ec. of N acetic acid. ‘The amount of phosphorus was determined as 
described in the method. The first tube in each set was used as 
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the standard and set in the colorimeter at 20mm. The rest of the 
tubes were diluted with water to approach the intensity of the 
color of the respective standards. Complete recoveries of phos- 
phate were obtained in each set in spite of the fact that the amount 
of precipitate, and consequently the intensity of the color, in the 
tubes of the low acidity were more than double in amount than in 
the tubes of the high acidity. The increase in color was in each 
case proportional to the amount of phosphate. This is shown by 
Table I and Fig. 2. 

These experiments show definitely that at the different levels of 
acidity the precipitates consist of uranium phosphate and no ura- 
nium oxide is being precipitated. The difference in the amount of 
precipitate is probably due to different combinations of the ura- 
nium with the phosphate. A search in the literature revealed the 














TABLE I. 
Tube No. P Dilution. | Low acidity. | High acidity. 
| mg. 
| 
1 0.05 None. 20 20 
2 0.10 eg | 19.7 20.3 
3 0.15 1:2 20.1 20.6 
4 0.20 1:3 20.5 19.7 
5 0.25 1:4 19.6 20.4 
6 0.30 1:5 20.3 19.6 














existence of some confusion as to the true nature of combination, 
some giving the formula UO.HPQ,, and some (UO),HPQ,. 
Another possible combination is (UQ2)3(PO,)2. Simon (9) says 
that with the dibasic phosphate 2 molecules of uranium combine 
with 1 molecule of phosphorus, while with the monobasic phos- 
phate 1 molecule of uranium combines according to the following 
reactions: 


Na,HPO, + 2U0-NO; = 2NaNO; + (UO):HPO, 
NaH,PO, + UO-NO; = NaNO; + UOH:2PO, 


If these reactions were true, then it would seem that at low 
acidity the phosphate existed in the dibasic form, thus combining 
with twice as much uranium. That such is not the case can be 
easily proved. An aqueous solution of Na;PO, was divided into 
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three equal parts. One portion was acidified with n acetic acid to 
phenolphthalein : 


Na;PO, + HC:H;0; + phenolpht halein = Na.HPO, a NaC.H;0:; 
Another portion was neutralized with normal acetic acid to methyl 
orange: 


Na;PO, + 2HC.H;0, + methyl orange = NaH.,PO, + 2NaC,H;0, 


No acid was added to the third portion. The three solutions were 
titrated with 2 per cent uranium acetate solution to which no 
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acetic acid was added, cochineal being used as an indicator. The 
following amounts of uranium acetate were necessary to combine 
with the three phosphate solutions: 


Na;sPO, = 8.24 cc. uranium acetate. 
Na,HPO, = 16.54 “ =“ “ 
NaH.PO, = 16.46 “ “ “ 


This shows that the mono- and dibasic phosphates combine in 
the same proportions with uranium acetate. In the case of the 
tribasic phosphate it seems probable that the precipitate was 
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uranium oxide, since Na;POQ, is easily hydrolyzed by water, pro- 
ducing a molecule of sodium hydroxide: 


Na;PO, + H.0 = Na,HPO, + NaOH 


This question is being investigated at present, but since it has 
no direct bearing upon the method it is left out of this paper. 

In the volumetric method for the determination of phosphate 
in urine by means of uranium, and in the colorimetric procedures 
of Gibson and Estes (7), and of Sato (8), the phosphate solution 
is first heated to about 95° before the uranium solution is added. 
In this method this was found unnecessary and even undesirable; 
better checks and better recoveries of phosphate were obtained in 
the cold. Moreover, when the solution is heated secondary cal- 
cium phosphate (CaHPO,) may be precipitated. 


TABLE ITI. 


Added P Serum plus P calculated per 100 cc. serum 
Aadec 


Sample No 
per ce, 


Recovered. Calculated. Per cent recovery 
mg. mg. mg. 
1 None. 3.9 
2 0.02 =| 5.8 | 5.7 | 98.3 
3 0.04 8.1 7.9 102.5 
4 0.06 9.8 9.9 99.0 
5 0.08 11.6 | 11.9 | 97.5 


The precipitate obtained on centrifugation is very gelatinous 
and packs tightly to the bottom of the tube so that no danger is 
encountered in losing any phosphate during the process of 
decantation. 

The 20 per cent alcohol used for washing the precipitate prevents 
any possible solution of uranium phosphate, since it is absolutely 
insoluble in such a medium while uranium acetate is very soluble 
in it. 

The stability of the color of uranium ferrocyanide depends largely 
upon the acidity. The higher the acidity the less stable the color. 
When left standing for some hours, the yellow color changes to 
blue and a precipitate settles out. This blue color is not propor- 
tional to the amount of uranium present but to the ferrocyanide. 
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The yellow color of uranium ferrocyanide develops immediately 
and will last without any change for at least half an hour. 

Sato (8) used HCl for dissolving the uranium phosphate. The 
use of inorganic acids, however, was found to be detrimental 
to the results, since the presence even of minute traces of iron will 
produce a blue color with the ferrocyanide, and the color produced 
in absence of iron is not so good since the quality of the color varies 
with slight changes in the amount of HCl used. No such effect 
is produced with trichloroacetic acid. 

Good recoveries of added phosphate were obtained from blood 
serum. A sample of serum which was found by this method to 
contain 3.9 mg. of phosphorus per 100 cc. was divided into five 
equal parts. No phosphate was added to the first part; to the 
other parts were added increasing amounts of phosphate. The 
results are shown in Table II. 


SUMMARY. 


A method is described for the determination of inorganic phos- 
phate in blood serum. The proteins are removed with trichloro- 
acetic acid; the filtrate is alkalinized with ammonium hydroxide 
and reacidified with acetic acid, and the phosphate precipitated 
with uranium acetate. The uranium phosphate is washed free of 
uranium acetate with dilute alcohol. It is then redissolved in 
trichloroacetic acid, converted into uranium ferrocyanide, and is 
compared colorimetrically with a similarly treated solution con- 
taining a known amount of phosphorus. The color is proportional 
to the amount of uranium, thus to the amount of phosphorus. 
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(Received for publication, July 25, 1928.) 


The participation of phosphoric acid in alcoholic fermentation 
and in the biological utilization of carbohydrates in general, is 
one of the most important discoveries made in connection with the 
study of these systems. Numerous attempts have been made to 
correlate this discovery with the many observations regarding the 
carbohydrate-phosphates which are formed in such biologic 
processes, but opinions are divergent as to the mechanism of the 
changes. Harden and Young! have emphasized the importance 
of the hexose diphosphate in fermentation while von Euler,? 
Meyerhof,? and Kluyver and Struyk* regard the formation of 
phosphoric esters of hexoses as a first step in the utilization of the 
carbohydrates; one of us® has also expressed this same opinion. 
Neuberg,® on the other hand, seems inclined to believe that the 
formation of phosphoric esters is only an incidental reaction and 
of little significance. 

To the view that phospho-esters are intermediate products, 
there is the immediate objection that no known phospho-ester is 


* National Research Fellow in Chemistry. 
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as rapidly fermented as is glucose. To dispose of this difficulty, 
Meyerhof? has suggested that the esters as isolated are the stable 
forms while the true intermediate esters are unstable and are 
rapidly fermented. 

In various discussions it has been assumed in general that the 
monophosphates are directly fermented as represented by the 
equation 


H:.0 + CeH10;-PO.R2* —2 CO, + 2 C.H;OH + R:HPO, 


An alternative explanation, however, and one which has not been 
sufficiently considered, is that the phospho-esters that have been 
studied may be first hydrolyzed by an enzyme to a hexose, and the 
hexose then fermented. 

In equation form this would be 


C.sHy,0;PO.R2 a H,0 => R,HPO, + CsH 205 
CeH120¢ —2 CO, + 2 C.H;OH 


The object of the present study was to test this possibility. Our 
two aims were: first, to see if hydrolysis of phospho-esters could 
take place in the absence of fermentation; and second, to see if 
the rate of such hydrolysis was sufficient to supply hexose for 
observed fermentation. 

The method which we selected involved the use of a zymin prepa- 
ration which showed an induction period. The rate of hydrolysis 
of various phospho-esters was determined during this period and in 
parallel experiments the rate of fermentation by the same zymin 
was measured after minimal quantities of hexose diphosphate 
had been added to eliminate the induction period and induce 
immediate fermentation. The rate of such fermentation was 
then compared with the previously determined rate of hydrolysis. 


Phospho-Esters and Induction Period of Glucose. 


As a preliminary, it was necessary to examine the effect of the 
various natural and synthetic phospho-esters on the induction 
period. The relationship between induction time and concentra- 
tion was determined for crude hexose diphosphate and it was found 


*R is used to indicate either metal or hydrogen ion and in any 
proportion. 





culty, 
stable 
d are 


it the 
y the 


been 
been 
d the 


Our 
ould 
ee if 
e for 


repa- 
lysis 
nd in 
ymin 
hate 
duce 

was 
ysis. 


' the 
tion 
\tra- 
und 





A. L. Raymond and P. A. Levene 623 


that at 0.005 mols per liter the fermentation started almost in- 
stantly (Fig. 2). To see whether some impurity in the diphos- 
phate might be responsible for the decreased induction time, the 
strychnine salt was subjected to repeated recrystallization. The 
purified material was somewhat less effective than the crude, but 
after four recrystallizations the activity was not greatly changed 
by four further recrystallizations. This would indicate that if an 
impurity is responsible, it is not easily removed. The most effec- 
tive of the monophosphates was the Neuberg ester prepared by 
partial hydrolysis of the diphosphate. The Robison ester was 
next in activity followed by dihydroxyacetone phosphate and 
1-fructose phosphate (Fig. 2). The other synthetic esters em- 
ployed, namely glucose, fructose, 3-glucose, and 3-fructose mono- 
phosphates, were without effect. In no case were any of the 
monoesters comparable in activity with the diphosphate. 

These results are similar to those recently reported by Mayer’ 
in those cases in which identical esters were used. 

Hydrolysis and Fermentation of Phospho-Esters.—Having estab- 
lished the fact that the monophosphates did. not completely 
suppress the induction period, we were in a position to study their 
possible hydrolysis during that time. 

Harden® suggested many years ago that the effect of arsenates 
on fermentation was to increase the hydrolysis of the diphosphate. 
To see whether this also applied to the monophosphates the 
experiments were all performed in duplicate and to one of each 
pair arsenate was added. 

By employing the colorimetric method of Kuttner and Cohen, 
which we found to be specific for inorganic phosphate, the changes 
in the latter were measured during the induction. It was found 
that some organic phosphate present in the zymin was hydrolyzed 
during the induction period, and that the synthetic esters showed 
a somewhat greater production of inorganic phosphate. In the 
case of the esters, arsenate caused but little acceleration of the 
hydrolysis and was sometimes inhibiting (Table I). 

The rates of fermentation of the identical esters were next meas- 





7 Mayer, P., Biochem. Z., 1927, elxxxvi, 313. 

’ Harden, A., and Young, W. J., Proc. Chem. Soc., 1906, xxii, 283; Proe. 
Roy. Soc. London, Series B, 1911, \xxxiii, 451. 

* Kuttner, T., and Cohen, H. R., J. Biol. Chem., 1927, Ixxv, 517. 
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ured after addition of a small amount of diphosphate to abolish the 
induction period (Table II). If the values be compared with 
those given in Table I, it will be observed that in every case the 
dephosphorylation exceeded the carbon dioxide production when 
both were expressed in mols per liter. We may write 














(1) C.H1,0;:PO.R, a H,0 an CsHi20¢ a R.HPO, 
TABLE I. 
Inorganic Phosphate (mm per Liter). 
Blank Glucose 3-Glucose Fructose 1-Fructose | 3-Fructose 
. phosphate. | phosphate. | phosphate. | phosphate. | phosphate. 
Time, | . . ' | . . . 
j . — . . . . 
mtb RR ERE SERE GE AG EREREREE 
s/ El ele eles ele elelali 
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Slejs ze /sS ef /s [e]/s]a]8] 4 





Concentration (measured). 


10 | 18.1| 22.5] 19.3| 22.1] 19.6] 22.9| 23.2 


30 | 22.9] 28.7) 26.0) 2 27 .8| 30.9) 30.7 
50 | 29.0] 36.7] 32.4| 34.0] 35.6] 38.2] 38.2 
70 | 29.3) 36.6] 34.4) 36.7| 37.0| 39.1| 36. 
100 | 30.1} 36.7] 29.0] 36.6] 34.0] 40.0] 33.6 





20.2) 22.9] 25.7] 26.9 
26.7} 30.1) 32.8) 35.4 
8} 39.1) 40.9 
37.3) 39.7) 40.0) 42.0 
31.6) 40.7) 37.3) 41.4 
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Increase (calculated). 
































30 o 6.2 6.7/ 6.5| 8.2} 8.0] 7.5] 7.2) 6.5] 7.2] 7.1] 8.5 
50 | 10.9] 14.2) 13.1] 11.9} 16.0] 15.3] 15.0] 15.2] 14.7] 15.9] 13.4] 14.0 
70 | 11.2) 14.1] 15.1) 14.6] 17.4] 16.2 16.2| 17.1] 16.8] 14.3] 15.1 
100 14.2) 14.5 17.1 15.5 17.8 14.5 








The figures in bold face type indicate that carbon dioxide production 
had started and the corresponding differences are therefore omitted. 


and either 

(2) CeHi20. + R2HPO,— CO; + C2H;OH + 4 CeHigO, (PO«R2)2 + HO 
or 

(3) C.Hi206 — 2 CO2 + 2 C;H;OH 

If this mechanism is correct then the measurements of the de- 
phosphorylation establish a minimum for the rate of reaction (1) 


and therefore of hexose formation. The formation of carbon 
dioxide by reaction (2) requires only 1 mol of hexose for each mol 
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of carbon dioxide formed and by (3) only 0.5 mol of hexose. It is 
thus evident that on either basis the rate of dephosphorylation 
is more than enough to account for the observed fermentation. 
These esters are therefore most probably first hydrolyzed to the 
free sugars and the latter then ferment. One point should be 
added; namely, that the rate of carbon dioxide production, though 
recorded for only the first 14 hours, actually showed a steady 
decrease with time, so that for each ester the initial rate of de- 
phosphorylation exceeded the maximum rate of fermentation. 


TABLE II. 
Carbon Dioxide. 





1-Fructose | 3-Fructose 


Glucose 3-Glucose Fructose 
Blank. phosphate. | phosphate. 


phosphate. | phosphate. | phosphate. 








Time, 
min. 





Control 
Arsenate. 
Control. 
Arsenate 
Control 
Arsenate. 
Control. 
Arsenate. 
Control 
Arsenate. 
Control. 
Arsenate. 


J 





Cc. per 10 cc. (measured). 





10 | 0.08) 0.14) 0.21) 0.24) 0.09) 0.35 0.35| 0.24) 0.09) 0.20) 0.09) 0.24 
30 | 0.56] 0.96) 0.64) 1.27) 0.72) 1.24) 0.80) 1.24) 0.55) 0.74) 0.56) 1.13 
50 | 1.17] 1.84) 1.04) 1.87] 1.50) 1.99) 1.30) 1.93) 1.14) 0.83) 1.17) 1.98 
70 | 1.74] 2.51) 1.42) 2.44) 2.24) 2.64) 1.79) 2.47) 1.73] 1.09) 1.81) 2.73 
100 | 2.61) 2.94) 2.03) 3.27) 3.34) 3.48) 2.55) 3.16) 2.57] 2.88) 2.68) 3.21 





























Increase, mm per liter (calculated). 




















30 | 2.1/3.7 /)1.9 | 4.6/2.8 | 4.0/2.0 | 4.5 | 2.1 | 2.4) 2.1 | 4.0 
50 | 4.9] 7.6) 3.7/7.3 | 6.3] 7.3 | 4.2 | 7.5 | 4.7 | 2.8 | 4.8] 7.8 
70 | 7.4 {10.6 | 5.4 | 9.8 | 9.6 |10.2 | 6.4 | 9.9 | 7.3 | 4.0 7.7 {11.1 
100 j11.3 }12.5 | 8.1 |13.5 |14.5 [14.0 | 9.8 |13.0 /11.1 12 0 11.6 13.3 


























That the rates of fermentation and of hydrolysis were not 
always parallel seems to be due to inhibition of the fermenta- 
tion by the esters. Such inhibition is quite evident in those 
cases in which the rate of fermentation of the ester was less 
than that of the blank. 

Similar studies were made on the Robison and Neuberg esters 
except that in their case the induction period in the absence of 
arsenate was too short to be useful, and so this series was omitted. 
In the presence of arsenate, however, there was a period of no 
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carbon dioxide production and the rate of dephosphorylation 
during this time was approximately equal to the fermentation 
observed in the presence of diphosphate (Table III). Slightly 
more than 1 mol of CO, was formed per mol of liberated hexose, 
but never as much as the 2 mols permitted by equation (3) 
above. 

In view of these observations, first, that hydrolysis of all the 
monophosphates is constantly in progress, and second, that the 
rate of hydrolysis is sufficient to account for the observed carbon 
dioxide production, it seems justifiable to conclude that all these 
monophosphates are first hydrolyzed to the hexoses and that the 
latter then ferment. 


TABLE III. 
Production of Inorganic Phosphate and Carbon Dioxide. (mm per Liter). 














Phosphate. | Carbon dioxide. 
Time, min. |___ emia a ee 
Blank. | Robison. Neuberg. Blank. Robison. Neuberg. 

; | | | 
19 3.2 5.5 3.9 2.5 7 
oe i FSi wea | @@ | S28 14.6 14.5 
47 | 18.3 | 172 | 159 | 9.0 19.6 18.9 
64 } 19.9 | | 11.7 23.7 22.9 





As Harden! drew the same conclusion many years ago in regard 
to the method of utilization of the diphosphate this appears to be 
a general process. Any phospho-ester which is a true intermediate 
in the fermentation mechanism should be of such nature that its 
rate of fermentation greatly exceeds its rate of hydrolysis. This 
is certainly not the case for the monophosphates which we have 
studied. 

Another point of interest which was derived from the data 
was the effect of the structure of the esters on their rate of enzymic 
utilization. Of the synthetic esters it was found that the 3-glucose 
phosphate exhibited the highest rate of dephosphorylation and 
‘fermentation, and that the 1-fructose ester was next. A similar 
result was obtained by Nodzu!® although he measured only rates 
of fermentation. It is interesting, in view of the fact that all of 


10 Nodzu, R., J. Biochem., 1926, vi, 31. 
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the rates found by him were greater than ours, that the relative 
order should be the same. 

Also in conformity with previous findings, our data show 
that the Robison and Neuberg esters are more rapidly utilized 
than are the synthetic derivatives. Since the observed rates bear 
no relation to the stability of the esters toward inorganic reagents, 
it is evident that the phosphatase activity is intimately related to 
the structure of the ester. 

Concentration Effect and Arsenate.—If it be true, as concluded 
above, that the rate of fermentation is determined by the rate 
of dephosphorylation, then the carbon dioxide production may be 
used as a measure of the hydrolytic activity in those cases in which 
the hydrolytic dephosphorylation is obscured or confused by the 
fermentation. We therefore examined the effect of arsenate and 
of varying concentration of the esters on the carbon dioxide pro- 
duction from the Robison, Neuberg, and Harden esters. The 
interesting points observed (Figs. 3 to 5) were that: (1) arsenate 
greatly accelerated the fermentation of all three esters; (2) 
increasing the concentration of the esters from 0.015 to 0.06 molal 
increased the rate of fermentation—most for the Neuberg and 
least for the diphosphate; (3) increasing the concentration of 
the ester increased the arsenate effect in the case of Neuberg and 
Robison esters but caused a preliminary depression with the 
diphosphate. 


EXPERIMENTAL. 


Methods. 


Fermentation.—The carbon dioxide determinations were made 
in an apparatus in which tubes placed in a thermostat at 25.0° 
were constantly and vigorously shaken to cause rapid liberation 
of the carbon dioxide. At the start the tubes were partially 
evacuated and the increase in pressure was measured at constant 
volume. The apparatus was so arranged that six determinations 
could be made simultaneously. 

Phosphate Determination.—The colorimetric method of Kuttner 
and Cohen? was used, as preliminary experiments had shown that 
of all the organic phosphates employed, none showed more colora- 
tion than would result from the trace of inorganic phosphate which 
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they might have contained asimpurity. It was therefore assumed 
that the method could be used to estimate inorganic phosphate 
selectively in these studies. 

0.50 cc. of the fermenting mixture (shaken constantly under 
reduced pressure so as to be CO,-free) was removed with an 
Ostwald pipette and added to 12.0 cc. of ice-cold 0.8 per cent 
trichloroacetic acid. After the contents were mixed by being 
inverted two or three times, the tube was allowed to stand 5 
minutes in an ice water mixture and then filtered through ash-free 
filter paper. Of the filtrate 0.50 cc. was used for analysis. A 
calibration curve was prepared to avoid errors resulting from the 
fact that the color produced is not always a straight line function 
of the concentration. A further modification introduced was that 
the amount of stannous chloride recommended in the original 
article was increased by 50 per cent. With these changes the 
method gave results reproducible to 1 to 2 per cent and accurate 
(as tried on fermentation mixtures containing known amounts of 
inorganic phosphate) to the same figure. 

Preparation of Phospho-Ester—The details of preparation of 
the synthetic esters will be described iater; at this point it need 
only be mentioned that the general methods were those of Levene 
and Meyer," Komatsu and Nodzu,!* and Nodzu.!° Two prepara- 
tions, probably mixtures of isomers, were obtained by direct 
phosphorylation of glucose and fructose, and three which should 
be single isomers, by phosphorylation of the diacetone hexoses 
and subsequent removal of the acetone groups. The most recent 
views of the structure of the diacetone compounds would ascribe 
carbon atom (3) to the phosphate from diacetone glucose, atom 
(3) to that from a-diacetone fructose, and atom (1) to that from 
B-diacetone fructose. These positions will be used below to 
describe the three esters, while the products obtained by direct 
phosphorylation will be called simply glucose and fructose 
phosphates. 

The Neuberg ester was prepared by partial hydrolysis of the 
diphosphate with hydrochloric acid as described by Meyerhof? 

The Robison ester was prepared by the action of live yeast on 


11 Levene, P. A., and Meyer, G. M., J. Biol. Chem., 1922, liii, 431. 
12 Komatsu, S., and Nodzu, R., Mem. Coll. Sc., Kyoto Imp. Univ., 1924, 
vii, series A, 377. 
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glucose and sodium phosphate in the presence of toluene. An 
excess of glucose was used, and the phosphate was added slowly to 
maintain an optimum concentration and was followed by frequent 
colorimetric analyses. While the fermentation was still proceed- 
ing vigorously it was interrupted by adding trichloroacetic acid 
and the mixture was centrifuged. The diphosphate and inorganic 
phosphate were precipitated by adding a solution of barium chlo- 
ride equivalent to the phosphate used, and then barium hydroxide 
to pH 9. After being centrifuged, the solution was clarified with 
charcoal and concentrated under reduced pressure to a small 
volume. The monophosphate was precipitated by adding an equal 
volume of 95 per cent alcohol and purified by repeated solution 
and precipitation. It analyzed well for a hexose monophosphate 
but showed a trace of nitrogen. It was identified by formation of 
the characteristic osazone described by Robison" decomposing 
at 137°. 

Dihydroxyacetone phosphate was prepared by phosphorylation 
of the triose with phosphorus oxychloride in pyridine solution and 
isolation as the barium salt. 

The hexose diphosphate employed was candiolin“ and except 
where noted was used without further purification as the analysis 
was almost perfect. The calcium salt was converted to the sodium 
salt by suspending it in a solution of an excess of sodium carbonate 
and shaking in a machine for several hours in the cold. After 
filtration, the excess of carbonate was destroyed with acid and the 
solution analyzed for total and for inorganic phosphorus. The 
organic phosphorus was determined by difference and the solution 
diluted to the desired strength. 


Phospho-Esters and Induction Period of Glucose. 


A standard mixture prepared with the following substances was 
used: 0.4 gm. of glucose, 0.4 gm. of zymin, 0.4 cc. of 0.33 m sodium 
phosphate buffer and 3.6 cc. of HO (pH 6.4), and 4 drops of 
toluene. 

A part of the water was replaced by a solution of the desired 


18 Harden, A., and Robison, R., Proc. Chem. Soc., 1914, xxx, 16. Robison, 
R., Biochem. J., 1922, xvi, 809. 

4 We wish to take this opportunity to thank the Winthrop Chemical 
Company, Inc., for giving us the candiolin for these and other experiments. 
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ester. All.the esters were used in form of their sodium salts and 


were acidified to pH 6.4. 

Hexose diphosphate concentrations up to 0.005 molal were 
employed. The data were plotted and the rate of carbon dioxide 
production was determined graphically. These rates were then 
plotted as a function of the time and are given in Fig. 1. It will 
be seen that when once started, the course of carbon dioxide pro- 
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Fic. 1. Effect of hexose diphosphate on induction time and rate of fer- 


mentation. 


duction was always the same, different amounts of the diphosphate 
producing a displacement of the complete curve along the time 
axis. In some few cases it was found that the slope did not in- 
crease quite so rapidly as in these experiments, but in general it 
was sufficient to consider only the time displacement of the curves 
as they were identical in other respects within the limits of experi- 
mental error. The relationship between the time of starting and 
the concentration of the diphosphate is shown in Fig. 2. 
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The effect of crude hexose diphosphate on the induction period 
having been thus established, the question remained as to whether 
pure hexose diphosphate was actually responsible for this decreased 
lag, or whether the activating substance was some adhering 
impurity. To test this, two samples of the strychnine salt were 
prepared and one was crystallized four and the other eight times. 
These were converted to the barium and then to the sodium salt 
and finally acidified to pH 6.2 to 6.4. For comparison with the 
diphosphate the results are included in Fig. 2. It will be observed 
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Fig. 2. Effect of hexose diphosphate and of several phospho-esters on 
induction period. 


that the treatment in each case caused an increase in the induction 
period, but that the material which had been eight times crystal- 
lized was only slightly less effective than the four. 

In order to see whether other organic phosphates would produce 
similar results, the hexose diphosphate in the above mixture was 
replaced by several synthetic and natural monophosphates. 

It was found that the glucose, 3-glucose, fructose, and 3-fructose 
monophosphates produced no effect on the induction period while 
the 1-fructose, Neuberg and Robison monophosphates each caused 
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a decrease in the time of induction. The results are included in 
Fig. 2 to compare them with the diphosphate. It will be seen that 
none of the substances tested has an effect of the same order of 
magnitude as that of the hexose diphosphate. 

Inasmuch as a triose monophosphate has the same composition 
as a hexose diphosphate, such a substance might easily be an 
undetected impurity of the crude diphosphate. The only avail- 
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Fic. 3. Fermentation of hexose diphosphate in presence and absence of 
0.004 molal arsenate. Ester 0.015 and 0.06 molal. 


able triose was dihydroxyacetone and therefore we tested both it 
and its synthetically prepared phosphate. The triose produced 
no lowering of the induction period, and the effect of the phosphate 
was not comparable with that of the hexose diphosphate as may 
be seen in Fig. 2. 

Hydrolysis and Fermentation of Phospho-Esters.—The fermenta- 
tion mixtures consisted of a 10 per cent suspension of zymin in a 
0.06 molal solution of the desired ester, to which toluene was 
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added in each case. The phosphate determinations were made by 
the colorimetric procedure previously described. As the duration 
of the induction period varied with the different esters employed, 
the moment at which carbon dioxide production commenced was 
determined on each sample and all values secured after this time 
were discarded. Where arsenate was employed its concentration 
was 0.004 molal, as preliminary experiments had established the 
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Fig. 4. Fermentation of Robison ester in presence and absence of 0.004 
molal arsenate. Ester 0.015 and 0.06 molal. 


fact that greater concentrations resulted in an inhibition of fer- 
mentation. All solutions employed were adjusted to pH 6.4 and 
this was also the pH of the final mixtures. The results of the 
various experiments on the synthetic esters are given in Table I. 
Fermentation mixtures like those above were next prepared, 
except that hexose diphosphate was added to the extent of 0.004 
mols per liter to eliminate the induction and on these mixtures the 
carbon dioxide production was measured by the method described. 
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The data were plotted and by interpolation the amounts of carbon 
dioxide formed at the above time intervals were determined. These 
results were converted to equivalent units—in this case to mM of 
CO, formed per liter of fermentation mixture—and are given in 
Table IT. 

On attempting to extend the experiments to the Robison and 
Neuberg esters it was found that they both lowered the time lag 
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Fic. 5. Fermentation of Neuberg ester in presence and absence of 0.004 
molal arsenate. Ester 0.015 and 0.06 molal. 


very greatly at a concentration of 0.06 mols per liter. However, 
by reducing the concentration, and by adding arsenate which 
increases the induction period, it was found possible to make the 
desired determinations. In Table III are given the carbon dioxide 
production and the increase of inorganic phosphate during the 
induction period, as determined for 0.012 molal concentrations of 
the esters in the presence of 0.004 molal arsenate. 
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Concentration and Arsenate Effect—To see how concentration 
affected the rate of hydrolysis, and hence of fermentation, of the 
Robison, Neuberg, and Harden esters, the rate of carbon dioxide 
production was measured in the absence and presence of 0.004 
molal arsenate. The esters were 0.015 and 0.06 molal, the zymin 
was 1.0 gm. per 10 cc. of fermenting mixture, and toluene was 
added as antiseptic. The results are given in Figs. 3 to 5. 


SUMMARY. 


1. The effect of a number of synthetic and natural phospho- 
esters on the induction period of glucose with zymin was deter- 
mined. The hexose diphosphate greatly exceeded all the others 
in abolishing the induction. It was not found possible to remove 
this property of the diphosphate by repeated recrystallization as 
the strychnine salt. ' 

2. The rate of hydrolysis of the esters was measured during the 
induction period and found to exceed the carbon dioxide produc- 
tion observed when the induction period was removed with added 
diphosphate. This is interpreted as indicating that all the ob- 
served esters are hydrolyzed to a free hexose which is then 
fermented. 

3. The rate of hydrolysis, and hence of fermentation, depended 
upon the configuration of the ester. The natural products were 
more rapidly utilized than the synthetic. 

4. The effect of concentration and of arsenate on the fermenta- 
tion of the Neuberg, Robison, and Harden esters was determined. 
Arsenate greatly increased the fermentation rate of all three esters, 
and increased concentration of ester produced a similar but smaller 
effect. 

5. Addition of arsenate produced but little increase in the rate 
of hydrolysis or fermentation of the synthetic esters. 
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COZYMASE. ITS RELATION TO PHOSPHATASE 
ACTIVITY. 


By ALBERT L. RAYMOND.* 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, July 24, 1928.) 


Although cozymase, the complement enzyme of alcoholic 
fermentation, is considered most often in connection with carbon 
dioxide production, nevertheless, several additional functions have 
been ascribed to it. Thus it has been stated to be a necessary 
complement of the phosphate-esterifying enzyme, phosphatese 
(Neuberg,! von Euler’), of aldo-mutase (von Euler *“), of methyl- 
glyoxalase (Gottschalk®), and of oxido-reductase (von Euler*'’). 
This last function has been contested, however (Lebedev’), and 
the cozymase has been found to be not necessary for the action 
of carboxylase (Harden,* Neuberg’). Also it has been found 
that cozymase-free zymin would hydrolyze hexose diphosphate 
(Harden and Young!®""), 

In connection with work on the phosphate esters, we had occa- 


* National Research Fellow in Chemistry. 

1 Neuberg, C., and Gottschalk, A., Biochem. Z., 1925, clxi, 244. 

? von Euler, H., Z. physiol. Chem., 1924, exxxix, 15. 

* von Euler, H., and Nilsson, R., Z. physiol. Chem., 1926, clxii, 72. 

‘ von Euler, H., Svensk Kem. Tidskr., 1926, xxxviii, 353; Ergebn. Physiol., 
1928, xxvi, 553. 

5 Gottschalk, A., Z. physiol. Chem., 1928, elxxvi, 314. 

® von Euler, H., and Brunius, E., Z. physiol. Chem., 1928, elxxv, 52. 

7 Lebedev, A., Z. physiol. Chem., 1927, clxxii, 255. 

§ Harden, A., Biochem. J., 1913, xi, 64. 

* Neuberg, C., and Rosenthal, P., Biochem. Z., 1913, li, 128. Neuberg, 
C., Biochem. Z., 1915, lvi, 497. 

‘© Harden, A., and Young, W. J., Proc. Roy. Soc. London, Series B, 1910, 
Ixxxii, 321. 

“Harden, A., and Young, W. J., Proc. Roy. Soc. London, Series B, 1908, 
Ixxx, 299. 
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sion to study the réle of cozymase in the phosphatase mechanism. 
As the studies indicate that the coenzyme is intimately involved in 
phosphatase action, it seems desirable to present a brief report on 
the results obtained. 

The view that the hexose diphosphate is first hydrolyzed and 
then fermented was advanced long ago by Harden." Recent work 
in this laboratory indicated that this was also the case with all the 
monophosphates, synthetic and natural, which were accessible to 
us.!2. Thus, the accumulation of inorganic phosphate in an enzy- 
mic fermentation of these esters is evidence, not of fermentation 
but of hydrolysis, the sequence being (1) and (2) and not (3). 


Hydrolysis 


(1) C,;H1,0;-PO.H2 + H.0 CsHi206 + HsPO, 





Fermentation 


(2) CcoH1206 2 CO; + 2 C:H;,OH 





Fermentation 


(3) CsH10;-PO.H: + HO — 2 CO, + 2 C.H;OH + H;PO, 








Assuming that this mechanism is correct, a study of the increase 
in inorganic phosphate affords a means of examining the action of 
the phosphatase. However, it must be remembered that fermen- 
tation is usually in progress accompanied by esterification, and 
that inorganic phosphate is thus being constantly used up. Any 
figures on the appearance of inorganic phosphate are therefore too 
low except when esterification is excluded. 

The esterification may be decreased, however, and the phos- 
phatase activity simultaneously increased, by addition of arsenates 
to the fermentation mixtures (Neuberg,!*"* Harden and Young"). 
In our first experiments we therefore used arsenate, and studied 
the changes of phosphatase activity produced by removal of the 
coenzyme. Acetone-dried yeast was employed and was freed of 
coenzyme by repeated washing. After such treatment the residue 
was entirely inactive as far as carbon dioxide production from 
glucose was concerned. 


12 Raymond, A. L., and Levene, P. A., J. Biol. Chem., 1928, xxix, 621. 

13 Neuberg, C., and Leibowitz, J., Biochem. Z., 1927, exci, 460. 

14 Neuberg, C., and Kobel, M., Biochem. Z., 1926, clxxiv, 493. 

1 Harden, A., and Young, W. J., Proc. Chem. Soc., 1906, xxii, 283; Proc. 
Roy. Soc. London, Series B, 1911, Ixxxiii, 451. 
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On testing zymins from two different yeasts (Table III) it was 
found that removing the coenzyme very greatly decreased the rate 
of inorganic phosphate formation. The differences assume greater 
significance when it is remembered that in the unwashed material 
there was probably considerable simultaneous disappearance of 
inorganic phosphate due to esterification, a condition that did not 
obtain with the washed zymin. 

That the phenomenon was really one of complement enzyme 
action was shown by an experiment in which hexose diphosphate 
was acted upon by washed zymin alone, by a hot water extract of 
fresh yeast, and by both together. It was found (Table IV) that 
while each portion separately was inactive, the mixture of the two 
rapidly dephosphorylated the diphosphate. 

The effect of cozymase concentration was determined in a similar 
experiment in which it was found (Table V) that the rate of dephos- 
phorylation increased regularly with increasing amount of co- 
enzyme, although the maximum amount used was too small to 
establish the upper limit of the effect. 

As such large differences were found in the rate of hydrolysis 
of the hexose diphosphate, the experiments were extended to the 
Robison and Neuberg esters and here again (Table VI) removal of 
the coenzyme very greatly reduced the phosphatase action. 

These results in the presence of arsenate were direct and required 
the introduction of no assumptions. However, when the experi- 
ments were repeated, with the exception that the arsenate was 
omitted, it was found that the dephosphorylation was obscured by 
the esterification which accompanied fermentation. It was there- 
fore assumed that the Harden and Young" equation 


(4) H:PO.+ CcoHi20. > CO: + C:H,0H + H20 + $ CoHio0« (PO«H2)2 


represents the course of fermentation, and that 1 mol of phosphate 
is esterified for each mol of carbon dioxide produced. This is 
probably a minimum figure as some esterification apparently 
occurs without carbon dioxide production, but serves as a first 
approximation. The increase in inorganic phosphate, and the 
amount of carbon dioxide produced, were therefore determined on 
separate portions of the same mixture and the sum of the two was 
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taken as being the amount of dephosphorylation. In other words, 
if expressed in mols: 
Since PO, appearing = PO, formed by hydrolysis — PO, esterified 


andif $PO,esteritied = CO: produced 
then PO, formed by hydrolysis 2 PO, appearing + CO, produced. 


It was found by experiment (Table VII) that the hydrolysis as 
thus calculated for the unwashed zymin was much greater than the 
measured hydrolysis produced by washed zymin. In the latter 
case there was of course no carbon dioxide production and therefore 


TABLE I. 
Hydrolysis of Diphosphate in 1 Hour (mm per Liter). 


























Lager. Ale. Brewery. 
Zymin. 
Control. | Arsenate.| Control. | Arsenate.| Control. | Arsenate. 
I eo cocciee mil mresad ose 0.3 >19.0 4.4 | >15.8) 6.2 | >76.1 
EE Se eee roe 1.1 1.3) 0.0 1.1} —2.0} -—2.2 
TABLE II. 
Hydrolysis in 1 Hour (mm per Liter). 
Ester. 
Zymin. Diphosphate. | Robison. Neuberg. 
Control. |Arsenate.| Control. |Arsenate.} Control. | Arsenate. 
mene te —6.2 $76.1 24.0 >30.5}) 26.0 >17.1 
Pe ee: —2.0 —2.2) 9.6 3.5} 5.0 2. 








no correction for reesterification was necessary. It was interesting 
to learn that though the zymins had been very well washed, there 
was often some dephosphorylation and that its magnitude varied 
with the yeast employed. The lager zymin in particular showed a 
high residual rate and it was perhaps with some similar yeast that 
Harden and Young!® observed dephosphorylation after washing 
out the cozymase. 

Results like those with the diphosphate were obtained on substi- 
tuting the Robison and Neuberg esters. With these esters, 
however, the rate of residual hydrolysis after thorough washing, 
though much lower than that of the unwashed zymin, was still 
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very high (Table VIII). This residual rate was, moreover, not 
decreased by further washing. 

In order to render the comparison of the various results some- 
what easier, the amount of dephosphorylation in 60 minutes was 
calculated for each experiment and tabulated. In Table I are 
given the amounts found for the hexose diphosphate by use of 
three different zymins and in Table II the results with a single 
zymin on the diphosphate and on the Robison and Neuberg 
esters. In the arsenate experiments in which unwashed yeast was 
used the values are too low because of esterification and this is 
indicated by the symbol, >. In the other cases the values are 
correct as either there was no fermentation, or else it was already 
corrected for in the original calculations. 

It will be observed that the washing (with a single exception) 
decreased the hydrolysis whether arsenate was present or absent, 
though the differences were greater in the former case. It will also 
be noted that even though the zymins had been very well washed, 
there was usually some residual hydrolysis. This raises the 
question as to whether a portion of the coenzyme cannot be re- 
moved by washing or, as alternative, whether there is a certain 
minimum rate which the coenzyme merely serves to increase. It 
is interesting that this residual hydrolysis varies with the yeast 
and with the substrate, being greatest for the lager zymin and for 
the Robison ester. In the case of the washed brewery yeast a 
slight synthesis may be seen. As a further point of interest it will 
be observed that while the arsenate accelerates the hydrolysis of 
the Robison and Neuberg esters in the case of the intact zymin, it 
produces an inhibition when the washed zymin is employed. 

It would seem that all of these observations are of interest in 
connection with the as yet unsolved problems of the mechanism of 
arsenate and coenzyme action and that they deserve consideration 
on that account. 


Cozymase and Live Yeast. 


It is well known that the addition of toluene or chloroform to live 
yeast causes a decrease in the rate of carbon dioxide production 
and an accumulation of organic phosphates. It was in fact on this 
basis that Neuberg concluded that the organic phosphates were 
a result of abnormal conditions and did not represent a significant 
phase of zymase action. 
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However, in view of the above results a new interpretation 
appeared possible.. If the effect of the toluene were to render the 
cell wall permeable to the cozymase (known to be dialyzable 
through ordinary membranes) then its concentration within the 
cell should decrease. The more complex zymase, being undialyz- 
able, would remain within the cell and the resultant yeast would 
be quite similar to washed zymin in its behavior. The carbon 
dioxide production would be decreased by the lowered cozymase 
content, as would the hydrolytic activity toward phosphate esters. 
The esters, which in the normal yeast would be rapidly hydrolyzed 
and hence would not appear, now would continue to accumulate 
as long as the rate of phosphorylation was reasonably high. 

This deduction was experimentally verified. On suspending 
fresh brewers’ yeast in water and then centrifuging, it was found 
that the aqueous extract possessed little or no cozymase activity. 
On adding toluene to the extracting water the cell became per- 
meable and considerable cozymase was found in the aqueous 
solution. Aneven larger amount was secured by a second toluene- 
water extraction (Table IX). 

Another experiment along the same lines showed that of repeated 
short extractions of the yeast with water and toluene, the first 
contained but little cozymase, the second much more, the third 
almost as much as the second, and the fourth again very little. 

To see how the purity of the cozymase as thus secured compared 
with that obtained by boiling water extracts, the solids were deter- 
mined on the samples of the previous experiment and the A Co 
(maximum rate in cc. per hour per gm. of solid) calculated. For 
the boiling water extract the A Co was 40, for the second toluene- 
water extract 62, and for the third 107. The first and fourth 
extracts contained so little cozymase that the calculation was 
not justified (Table X). 

The yield of coenzyme by the cold water-toluene method was 
also very good, the total yield of the second and third together 
exceeding that of the boiling water by 20 to 30 per cent. 

Several conclusions result from these studies. A new function 
for cozymase has been established and an explanation of the pecu- 
liar effects of certain antiseptics on live yeast has been suggested. 
In addition a simple method of obtaining relatively pure cozymase 
in good yield has been discovered. The results obviously suggest 
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n a number of related problems and an elaboration and extension of 
1e these studies is planned. 
le 
e EXPERIMENTAL. 
» Methods.—The experimental technique and sources of material 
Id have been already described.!2 Carbon dioxide was determined 
- by measuring the increase in pressure at constant volume in tubes 
” that were kept at 25.0° and constantly shaken to liberate the gas. 
= The change in inorganic phosphate was measured by the colori- 
od metric method of Kuttner and Cohen’ which had been found’? 
te specific for inorganic phosphate. 

Experiment I.—Zymins were prepared from lager and ale yeast!’ 
1g and washed five and four times respectively by suspending in 15 
ad volumes of water and centrifuging. The residue was diluted to a 
y- known volume and the equivalent of 0.4 gm. of original zymin was 
- used. For parallel experiments 0.4 gm. of the unwashed zymins 
us was also employed. To all four there were added 0.4 cc. of 0.04 
eo molal sodium arsenate solution acidified to pH 6.4 and 1.0 cc. of 

0.24 molal sodium hexose diphosphate similarly acidified. Each 
ed mixture was diluted to a total volume of 4 cc., giving an arsenate 
st concentration of 0.004 mols per liter, hexose diphosphate 0.06 mols 
rd per liter, and zymin 10 percent. Toluene was added, 1 drop per ec. 

The mixtures were kept in the thermostat at 25.0° and shaken to 
ed avoid settling ; samples were taken after 10, 40,75, and 130 minutes. 
~f The inorganic phosphate was determined after removal of the 
aa yeast and dilution. The measured concentrations of inorganic 
or phosphate in the mixtures and the increase with time are given in 
e- Table III. 
th Experiment II.—Zymin from a bottom brewery yeast was 
as washed three times as above. 

Cozymase extract was prepared by adding 1000 cc. of boiling 
aS water to 200 gm. of fresh brewery yeast, stirring 10 minutes, 
er cooling, centrifuging, filtering, and concentrating fivefold under 

reduced pressure. 
oa Three mixtures were prepared, the total volume of each being 4 
a 16 Kuttner, T., and Cohen, H. R., J. Biol. Chem., 1927, Ixxv, 517. 

17 The lager and ale yeasts used in these experiments were presented to us 
se by the Wallerstein Laboratories and the bottom yeast by the George Ehret 
ast Brewery. We are most grateful to them both for their kindness. 
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cc. They contained arsenate, 0.004 molal, and hexose diphosphate 
0.06 molal, each at pH 6.4 and in addition: (a) washed zymin 
equivalent to 0.4 gm. of dry zymin; (b) 1.0 ce. of cozymase extract; 
(c) washed zymin equivalent to 0.4 gm. of dry zymin and 1.0 ce. 
of cozymase extract; toluene in each. 

The measured inorganic phosphate concentrations and the 
calculated increases are given in Table IV. 















































TABLE ITI. 
Inorganic Phosphate (mm per Liter). 
Concentration (measured) . Increase (calculated). 
Time. Lager. Ale. Lager. Ale. 
washoa, | Washed. | |UD", | Washed. | UD, | Washed.| ,U-. | Washed. 
min. 
10 17.3 4.5 14.7 4.6 0 0 0 0 
40) 27.7 5.5 23.9 5.2 10.4 1.0 9.2 0.6 
75 42.7 6.1 35.4 6.0 25.4 1.6 20.7 1.4 
130 57.9 7.3 49.3 40.6 1.8 34.6 
TABLEIV. 
Inorganic Phosphate (mm per Liter). 
Concentration (measured). Increase (calculated) . 
Time. { 
7 Washed | Washed 
Washed : Washed : 
nie. Cozymase. La + tan Cozymase. = 
min. 
10 12.0 24.4 26.4 0 0 0 
40 10.7 24.2 38.4 —-1.3 —0.2 12.0 
75 9.5 24.4 52.2 —2.5 0.0 25.8 
110 8.8 24.1 62.5 —3.2 —0.3 36.1 























Experiment III.—Washed zymin and cozymase solution were 
prepared as in Experiment IT. 
Mixtures were prepared containing 0.4 gm. of zymin and 0.0, 





0.02, 0.1, 0.5, and 1.5 ce. of cozymase extract in a volume of 4 cc. 
The mixtures were also made 0.004 molal with respect to arsenate 
and 0.06 molal in hexose diphosphate, pH 6.4. A sixth mixture 
was prepared, similar to the above, only containing no cozymase 
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extract and with unwashed zymin instead of washed. To all 
mixtures toluene was added. The inorganic phosphate concen- 
trations and the increases are given in Table V. 

Experiment IV.—This experiment was similar to Experiment I 
only with use of brewery yeast zymin, and Robison and Neuberg 
esters in place of the diphosphate. 

The fermentation mixtures contained zymin 10 per cent, 
arsenate 0.004 molal, esters 0.06 molal; toluene was added. The 


TABLE V. 
Increase in Inorganic Phosphate (mm per Liter). 


























on Washed zymin + yeast extract, cc. extract per 10 cc. 
Time. symin. 
0.0 0.05 0.25 | 1.25 3.75 
min. 
10 0 0 0 0 0 
40) 52.9 —1.6 —1.5 1.0 8.4 22.8 
70 87.7 —2.6 —2.2 3.7 19.3 37.9 
TABLE VI. 
Inorganic Phosphate (mm per Liter). 
Concentration (measured). Increase (calculated). 
Time. Robison. Neuberg. Robison. Neuberg. 





Un- Un- Un- Un- |w 
washed. | Washed: | washed. | Washed. | washed. | Wsshed:| washed. | Washed. 





min. 





10 23.6 7.8 24.1 6.1 0 0 0 6 
55 42.0 10.9 40.0 8.3 17.4| 3.1 15.9 | 2.2 
120 15.5 11.7 - | 5.6 


























inorganic phosphate concentrations and the calculated increases 
are given in Table VI. 

Experiment V.—This experiment was similar to Experiment I 
only with use of three zymins, lager, ale, and brewery. The 
mixture contained zymin 10 per cent and hexose diphosphate 
0.06 molal; toluene was added. Both CO, and phosphate changes 
were determined on samples of the unwashed mixtures and the 
sum of the two was taken as a measure of the dephosphorylation 


(Table VII). 
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Experiment VI.—This experiment was similar to Experiment IV 
only with no arsenate. The mixture contained zymin 10 per 
cent and esters 0.06 molal; toluene was added. Both CO, and 
phosphate changes were measured on the unwashed mixtures and 
the sum of the two was used as a measure of the dephosphorylation 
(Table VIII). 


TABLE VII. 
Hydrolysis in Absence of Arsenate. 



















































































Ale yeast. Lager yeast. Brewery yeast. 
3 3 3 
Time. Unwashed. 3 Unwashed. 3 Unwashed. co 
2 2 | = 
POs | COs |Total.| POs | PO« | COs {Total.| PO. | PO. | COs {Total.| PO. 
min ff 6S oa mae 
10; 0O 0 0/0 0 0 0 0 0 0 0 0 
40 |—4.4) 5.8) 1.4 —2.4, 2.1/—0.3) 0.8 |-—0.1) 3.2 3.5 —1.3 
75 |—5.0) 11.3) 6.3) 0.0 |—5.2 5.9) 0.7 1.3 1.5) 6.8 8.3} —2.5 
130 —5.3) 19.8 14.8) 0.8 |-—6.2 11.7| 5.5) 2.3 8.8) 12.2} 21.0) —3.2 
TABLE VIII. 
Hydrolysis in Absence of Arsenate. 
Robison. Neuberg. 
Time. Unwashed. Washed. Unwashed. | Washed. 
PO. CO: | Total. | PO. | PO | CO: | Total. | PO 
min. | 
10 0 0 0 0 0 0 0 | 0 
55 4.3 19.0 23.3 9:0 6.6 18.5 25.1 4.5 
120 3.2 29.2 | 32.4 15.6 6.8 | 29.4 36.2 11.4 

















Experiment VII.—200 gm. of fresh brewery yeast were sus- 
pended in 500 cc. of water and stirred with a motor for 20 minutes. 
The mixture was centrifuged, the supernatant liquid saved, and 
the solid resuspended in the same volume of water. After 20 
minutes, it was centrifuged as before and resuspended, only this 
time 25 cc. of toluene were added to the mixture. The process was 
repeated once more, toluene being again added. 

The solutions were all concentrated five times under reduced 
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at IV pressure and tested for cozymase content by adding them to 
) per washed zymin. The fermentation mixtures contained 10 per 
and cent zymin (dry weight), 10 per cent glucose, 0.033 molal phos- 
and phate buffer (pH 6.4), 0.005 molal hexose diphosphate (to remove 
ition induction), and 2.52cc. of cozymase per 10 cc. Toluene was 


added in each case and the fermentation was measured at 25.0°. 
The data were plotted and from the graph the maximum rate and 












































weit TABLE IX. 
Extraction of Cozymase from Live Yeast. 
3 | Maximum rate. sy al 
RS — —— 
btm cc. per hr. ce. 
PO. First extract. Notoluene............... 0.2 
7 om Second “ ¥ a ne eros 0.1 
0 Third . , er ere | 1.3 2.5 
13 Fourth “ .  ehiutseeeeanores 2.8 4.5 
~2.5 
-3.2 TABLE X. 
ae Extraction of Cozymase from Live Yeast. 
Extract. } Total in | Maximum | Solids. | ACo. 
cc. per hr. 
a: pms” | Beree. | om. perce 
ome BONG Bin ieccincccsessccssccccves 0.7 0.4 
oy 7 i Gandds peda ansaben eka 3.6 2.1 0.034 62 
— La ROR R AEE 2.6 1.6 0.015 107 
- Dict cick kad kde Reece bes 0.6 0.4 
o CEE IED | 4.6 3.1 0.077 40 
4 
— the total CO, in 3 hours were obtained. These are given in 
_ Table IX. 
we Experiment VIII.—This experiment was similar to Experiment 
ae VII except that toluene was added in making all four extracts. 
20 All were concentrated fivefold under reduced pressure. 
nis Another extract was prepared from fresh yeast with boiling 
wee water as in Experiment II but was concentrated tenfold to make 
the ratio, grams yeast to cc. of extract, the same as for the 
ot toluene-water extracts. 2.5 cc. of each were used in the cozymase 


assay which was done as in Experiment VII. 
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The solid content of each extract was determined by drying in 
air, and then over P.O; in high vacuum to constant weight. 

The total CO, for 2} hours, the maximum rate in cc. per hour 
for 1 ec. of extract, the solid content, and the calculated A Co are 
given in Table X. 


SUMMARY. 


1. Cozymase was found to be involved in the action of the 
phosphatase of yeast. Removing the coenzyme from zymin by 
washing decreased the hydrolysis of hexose diphosphate both in 
presence and absence of arsenate. The differences in the presence 
of arsenate were much greater than in its absence. 

Similar results were obtained with zymins from three different 
yeasts. The hydrolysis was not completely stopped no matter 
how thorough the washing, and the rate of residual hydrolysis 
varied considerably with the yeast employed. 

Both the Robison and Neuberg esters behaved like the diphos- 
phate but the rate of residual hydrolysis after washing was much 
higher in their case. 

2. The effect was one of complement enzyme action; neither 
washed zymin nor cozymase produced significant dephosphoryla- 
tion of hexose diphosphate while the mixture of the two was active 
in this respect. 

The rate of hydrolysis by washed zymin increased with increas- 
ing amount of cozymase within the limits of concentration 
employed. 

3. Cozymase was not extracted from live yeast with water, but 
in the presence of toluene, large amounts were extracted. 

The yield and purity of the coenzyme obtained by this method 
exceeded those of boiling water extracts of the same yeast. 
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BLOOD SUGAR DETERMINATION AND SEPARATION 
OF SUGARS WITH LIVE YEAST. 


By ALBERT L. RAYMOND* anp J. G. BLANCO. 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, July 24, 1928.) 


It is of the greatest importance for both clinical and experimen- 
tal purposes, to be able to analyze mixtures of different sugars, and 
in particular to determine glucose in the presence of other sugars. 
So many procedures have been proposed for this purpose that it is 
impossible to discuss them, but it may be said that in general they 
fall into two classes: chemical methods depending upon different 
rates of reaction of the various sugars under particular empirical 
conditions, and fermentation methods depending upon selective 
action of living organisms. The first group suffers from the fact 
that such chemical differentiation is in general not delicate enough 
to distinguish between closely related substances, while the second 
type is usually much too slow or too tedious to be of general 
utility. 

Somogyi "? recently observed that bakers’ yeast removes glucose 
quantitatively from dilute solution in a very short time and that 
this action is limited to the fermentable sugars. As we had need 
of a method of rapid differential analysis of sugars in mixtures, 
and as Somogyi gave no data except on glucose, we decided to 
study the possibilities of the method. Our results confirm Somo- 
gyi’s observations and help to indicate that this method of analysis 
should prove very valuable. 

A technique was developed which permitted the use of as little 
as 0.3 ec. of blood or solution—0.1 cc. for the determination of total 
reducing substances and 0.2 cc. for the determination of the non- 
adsorbed fraction. The Hagedorn-Jensen method was employed 
throughout for the reduction determinations. 


* National Research Fellow in Chemistry. 
1 Somogyi, M., Proc. Soc. Exp. Biol. and Med., 1926-27, xxiv, 320. 
* Somogyi, M., J. Biol. Chem., 1927, lxxv, 33. 
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It was found that under the conditions employed, lactose, 
galactose, maltose, xylose, arabinose, ribose, and dihydroxyacetone 
remained quantitatively in the filtrate after yeast treatment. 
The experiments were performed on pure aqueous solutions at 
concentrations corresponding to blood sugar levels of 100 and 200 
mg. per 100 cc. Under the same conditions, mannose, fructose, 
and sucrose were adsorbed to the extent of 60 to 80 per cent but 
the results were variable and depended upon the time of adsorption, 
the concentration of the sugar, and the state of the yeast. 

Glucose, however, was quantitatively adsorbed from aqueous 
solution at concentrations corresponding to 500 mg. per 100 ce. 
and in the absence of added protein. This differs apparently 
from Somogyi’s findings, as he seems to think that the protein 
is necessary. We did, however, use tungstic acid in all cases 
and this perhaps coagulated the yeast just as though foreign 
protein were present. 

By using mixtures of glucose with several of the unadsorbed 
sugars, it was found that the action of the yeast was selective and 
that no interference took place. The glucose was again quantita- 
tively adsorbed and the reduction value obtained was exactly 
that of the non-adsorbable sugar which was introduced. 

In order to make sure that the method was applicable to blood 
as well as to aqueous solutions, fresh blood was added to known 
amounts of the non-adsorbed sugars and the reduction was deter- 
mined before and after treatment with yeast. With one exception 
the results were the same as before; 7.e., no interference took place 
and the substances were quantitatively recovered in the filtrate. 
In the case of maltose, however, a very appreciable loss occurred, 
amounting to about 40 per cent. Whether this was due to hydrol- 
ysis or adsorption by the blood, or to adsorption by the yeast 
induced by the blood, was not determined. 

In employing the method it was necessary to apply corrections 
for the reduction contributed by the yeast, but such corrections 
were not large and were extremely constant. 


EXPERIMENTAL. 


Yeast.—The yeast employed was Fleischmann’s bakery yeast,’ 
supplied in pound or half pound packages. It was prepared for 


3 We wish to thank the Fleischmann Yeast Company for their kindness in 
giving us the yeast for these experiments. 
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use as indicated by Somogyi—washed thoroughly by being sus- 
pended in water and centrifuged. This operation was repeated 
until the supernatant liquid had not the slightest turbidity— 
usually six or seven washings sufficed. The moist, well centri- 
fuged material was then weighed out and suspended in 3 times its 
own weight of distilled water. 

When fresh, the yeast suspension contributed no reducing sub- 
stance but after a few days, some reduction was observed. We 
therefore made a practice of determining the blank each day and 
correcting all observed values by the amount found. 

The yeast suspension, kept in the ice box, could be used for 2 
weeks or longer, particularly if, as Somogyi suggests, the water was 
centrifuged off and replaced. 

Sugars.—The pentoses were prepared in this laboratory and 
were quite pure. They were used without further treatment. 

The fructose employed was levulose, Pure, Eimer and Amend. 
It was four times recrystallized from aqueous alcohol to give a 
beautiful, colorless, crystalline product. 

Mannose and galactose were pure preparations made in this 
laboratory. Both were twice recrystallized from aqueous alcohol 
for further purification. 

Lactose was a Kahlbaum preparation and was four times 
recrystallized from water before being used. 

Maltose, sucrose, and glucose were high grade commercial 
preparations. They were used without further treatment. 

Dihydroxyacetone, monomeric, was prepared by distilling 
oxantin* (Metz) under greatly reduced pressure. The distilled 
solid was thoroughly washed with a mixture of equal volumes of 
absolute alcohol and absolute ether, dried in high vacuum over 
phosphorus pentoxide, and kept in the ice box. Only freshly 
made solutions were employed. 

In case of any doubt, the purity of the sugars was confirmed by 
measurements of the optical rotation. 

Stock solutions, approximately 2 per cent, were prepared from 
all the sugars and diluted as desired. No great accuracy was 
attempted in making up the solutions but the determinations and 
standardizations were done on the same sample, which cancels out 
errors of dilution. 


*We are indebted to the H. A. Metz Laboratories, Inc., for the oxantin 
which was used in this work. 
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Reduction Method.—The Hagedorn-Jensen’ method was used for 
all the determinations. It was found from preliminary experi- 
ments that after precipitation of the yeast with tungstic acid and 
centrifugation, the zinc hydroxide treatment used in the Hagedorn- 
Jensen method could be omitted as the results were identical with- 
in the limits of experimental error. This was the only modifica- 
tion which was introduced. 

Technique.—To 2.5 cc. of a solution of the desired sugar there 
was added 1.0 cc. of the 25 per cent (wet weight) yeast suspension. 
The contents were mixed by swirling and tapping against the hand 
and after 2 minutes there was added 0.5 cc. of tungstic acid solu- 
tion (prepared freshly each day by mixing equal volumes of 
10 per cent sodium tungstate and 3 N sulfuric acid). The test- 
tube was then covered with the thumb and mixed by quickly 
inverting it a few times. Shaking was avoided as a froth was 
formed which would not centrifuge down. 

After 3 minutes the tubes were placed in wooden adapters and 
centrifuged at high speed for 5 minutes. The cake was compact 
and firm, and there were about 3 cc. of clear solution. Either 2.0 
or 1.0 ce. of the supernatant liquid (depending upon the amount 
of reducing substance present) was removed with a pipette and 
transferred to a 25 X 150 mm. Pyrex test-tube for the reduction 
determination. Before addition of the potassium ferricyanide 
the sample was diluted to approximately 9 cc. to conform to the 
usual procedure. 

Where blood was used, 0.2 cc. was collected in a pipette and 
transferred to 2.3 cc. of distilled water, the pipettes being rinsed 
by sucking up the solution once or twice. This mixture was used 
to replace the 2.5 cc. of sugar solution in the above procedure. 

Test-tubes were used for the precipitation as they were much 
easier to clean, and being of small diameter, produced a higher 
liquid column than the ordinary 15 cc. centrifuge tube. 

Adsorptions.—The amounts of sugar actually employed in a 
determination were 0.2 or 0.4 mg. which corresponds to 100 and 
200 mg. per 100 cc. if'a 0.2 cc. sample isused. No great accuracy 
was attempted in preparing the stock solutions as the determina- 
tions and standardizations were done on the same sample of 


5’ Hagedorn, H. C., and Jensen, B. N., Biochem. Z., 1923, exxxv, 46. 
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solution. Since only the ratio of the two was used, no error was 
introduced. 

The yeast contributed a certain reduction value, particularly 
after it has stood for several days, and blank runs were therefore 
made each day and the corresponding correction was applied in 











TABLE I. 
Percentage of Sugar Not Adsorbed by Yeast. 
Amount of sugar in 
itn sample used. 
0.2 mg. 0.4 mg. 
per cent per cent 
NL, ...wcdsdeentiaaeiae eosin eaanneie 103 101 
ER TE ee er arene eel ane arr rar ort ret es 100 99.5 
DG «cnckwanewoumasktenseke beteaedewe peewee 102 99.5 
EE. ROE FR RE ee Se 100.5 99 
cach eae dinaeadi<sknny4aguehemaeteran 101 97 
EE hn ce due neh pean enc beenhaesee ink edibe 103 97 
I a 2s apa alin supa an ek Re wees RCM ON 40 42 
iiss ¢ ba deka dn enn kee tata aaaaatk eee 26 34 
Nisa ceo ere reece ekntbcaeeinane geaauaatnce awa atiae 59 63 











TABLE II. 
Effect of Time on Adsorption. 














Per cent adsorbed. 
Time 
Mannose. Fructose. 
min 
3 39 36 
5 51 49 
7 63 64 
11 76 79 
18 87 91 
33 86 95 








making the calculations. The results in Table I, for two con- 
centrations of each of the sugars, are based upon the average of 
four determinations which did not differ by more than + 2 per 
cent. 

To study the time effect for those substances which were par- 
tially adsorbed, mannose and fructose were subjected to the 
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action of the yeast for varying periods. The results are given in 
Table II. The effect of concentration was also determined for 
these two sugars and is given in Table III. Two yeasts were 
used; one was freshly prepared, while the other had been made 
up about 3 weeks previously. 

A further experiment was done to see whether the action of the 
yeast remained selective when mixtures were used. Glucose, 














TABLE III. 
Effect of Sugar Concentration on Adsorption. 
Per cent absorbed. 
Mg. in sample. New yeast. Old yeast. 
Mannose. Fructose Mannose. Fructose. 
0.1 77 63 80 
0.2 74 60 79 75 
0.4 69 58 60 84 
0.7 69 56 56 
1.0 69 58 59 
2.0 66 55 72 

















TABLE IV. 
Adsorption of Glucose from Mixture. 
1.0 mg. glucose + 0.20 mg. sugar. 








Sugar. | Found (average). 
| mg. | percent 
ES. 4555.05 e Ger eeiawd caw awn cess enenaaeewes 0.208 | 104 
PT iCio (oes nkgucueaueiane ketal bad oad aeeken | 0.203 101.5 
he its adhe bans aimiues AA aR eee aes 0.195 97.5 
NN. hn apunitieadenctwewn eater beet 0.201 100.5 
RES ne nee ee eee ere eran peer 0.200 100 





1.0 mg., was mixed with 0.2 mg. of certain of the non-adsorbed 
sugars and the mixture was subjected to the action of the yeast. 
The reduction value found for the filtrate was divided by that of 
the non-adsorbable sugar originally introduced. Had the adsorp- 
tion of the glucose been interfered with by the other sugars 
present, then the results would have been appreciably higher than 
100 per cent. Actually, this was not the case as is seen in 
Table IV. 








ven in 
od for 
; were 
made 


of the 
ucose, 











r cent 


<< . 
oro ao 


x: 


rbed 
ast. 
it of 
orp- 
gars 
han 
1 in 








A. L. Raymond and J. G. Blanco 655 


The effect of blood on the adsorption of glucose had already 
been studied by Somogyi.? It was therefore only necessary for us 
to see if the addition of blood modified the results with the non- 
adsorbed substances. For this purpose 0.2 cc. of fresh blood was 
added to a known amount of the desired sugars in 2.3 cc. volume 
and the mixture was treated,as usual. A blank was run with 
blood without additional sugar and all values were decreased by 
the amount found for this blank. It was again found that dihy- 
droxyacetone, xylose, ribose, arabinose, galactose, and lactose 
remained quantitatively in solution after the yeast treatment. 
With maltose, however, only about 60 per cent was recovered in 
the filtrate giving an adsorption of 40 per cent by the yeast-blood 
mixture. 


SUMMARY. 


1. The observations of Somogyi on the adsorption of glucose 
and non-adsorption of unfermentable sugars have been confirmed. 

2. A technique is described employing 0.3 cc. of blood or 
aqueous solution, 0.2 ec. for the adsorption and 0.1 ce. for total 
reduction. 

3. Dihydroxyacetone, xylose, ribose, arabinose, galactose, 
lactose, and maltose in aqueous solution were recovered quantita- 
tively in the filtrate after yeast treatment. 

Fructose, mannose, and sucrose were partially adsorbed. The 
extent of the adsorption varied with the time of adsorption, con- 
centration of the sugar, and state of the yeast. 

Glucose was quantitatively adsorbed at concentrations corre- 
sponding to blood sugar levels of 500 mg. per 100 ce. 

4. The action of the yeast was selective, only glucose was re- 
moved when mixed with sugars of the non-adsorbed group. 

5. The results were the same whether blood or aqueous solu- 
tions were employed except in the case of maltose. This sugar 
was adsorbed to the extent of about 40 per cent in the presence of 
blood. 
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DIHYDROXYACETONE AND INSULIN HYPOGLYCEMIA. 


By P. A. LEVENE anp J. G. BLANCO. 
(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 
(Received for publication, August 2, 1928.) 


It is generally assumed that in the organism the combustion of 
glucose proceeds in several phases and that the first phase consists 
of the dissociation of glucose into two trioses. Of these the simpl- 
est form is glyceric aldehyde which may tautomerize into methyl- 
glyoxal or dihydroxyacetone. 


HC=O HC=0O eae 
| OH 
ot = HCOH = co 
| ‘OH 
CH, CH,0H CH,0H 


Methylglyoxal. Glyceric aldehyde. Dihydroxyacetone. 


In recent years claims have been made that of the three trioses, 
dihydroxyacetone is the most probable intermediate product in 
the process of sugar combustion. It has been shown by experi- 
ments on animals with pancreatic and phlorhizin diabetes that it 
is transformed in the organism into glucose.' The same conclu- 
sions were drawn from perfusion experiments. From respiration 
experiments, the conclusion was reached that dihydroxyacetone 
is burned in the organism with greater velocity than glucose.? 

These experimental conclusions seemed to have justified the 
suggestion of Emil Fischer that dihydroxyacetone could serve as 
a substitute for glucose, and the high velocity of its combustion 
suggested its application in diabetes. It must be added, however, 


1 Campbell, W. R., and Markowitz, J., Am. J. Physiol., 1927, lxxx, 561. 
? Cathcart, E. P., and Markowitz, J., J. Physiol., 1927, Ixiii, 309. 
5’ Himwich, H. E., Rose, M. I., and Maler, M. R., Proc. Soc. Exp. Biol. 
and Med., 1926-27, xxiv, 238. 
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that there is no unanimity of opinion as to the fate of dihydroxyace- 
tone in the organism and nearly every favorable claim for its use- 
fulness has been controverted. In recent years a new method was 
developed for testing possible intermediate products of sugar 
metabolism. The method was based on the idea that if a sub- 
stance is readily converted into glucose or if it is an intermediary 
product of glucose metabolism, it should be able to replace glucose 
in arresting hypoglycemic convulsions. Dihydroxyacetone has 
been tested by this method and again the results of the experiments 
are conflicting. Kermack, Lambie, and Slater‘ and Campbell and 
Hepburn! report favorable results, whereas Markowitz and Camp- 
bell® deny the claim that dihydroxyacetone is capable of abating 
hypoglycemic convulsions in animals deprived of the liver. 

The controversy between the different writers could be explained 
in part, it seemed to us, by two factors. First, by the fact that 
the product oxantin (Héchst), which has been generally employed, 
was shown to contain a considerable quantity of polymerization 
products, particularly when the oxantin was not absolutely fresh. 
Second, some workers did not differentiate sufficiently between 
temporary and permanent cure of the hypoglycemic symptoms. 

H. O. L. Fischer’ has recently prepared crystalline monomolecu- 
lar dihydroxyacetone by distillation under reduced pressure of the 
polymerized forms. Thus the pure monomolecular form of 
dihydroxyacetone was readily accessible. 

Recently Somogyi* made the very important observation that 
yeast possesses specific adsorbing power for the fermentable 
sugars. These statements were confirmed by Raymond and 
Blanco and will be published in a separate article. On the basis 
of these obserVations a method was developed for the quantitative 
estimation of dihydroxyacetone in the blood after subcutaneous 
or intravenous injection. Thus the effect of dihydroxyacetone 
could be studied as a function of its concentration in the blood. 


4 Kermack, W. O., Lambie, C. G., and Slater, R. H., Biochem. J., 1926, 
xx, 486. 

’ Campbell, W. R., and Hepburn, J., J. Biol. Chem., 1926, Ixviii, 575. 

* Markowitz, J., and Campbell, W. R., Am. J. Physiol., 1927, Ixxx, 548. 

7 Fischer, H. O. L., and Mildbrand, H., Ber. chem. Ges., 1924, lvii B, 707. 

* Somogyi, M., Proc. Soc. Exp. Biol. and Med., 1926, xxiv, 320; J. Biol. 
Chem., 1927, xxv, 33. 
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TABLE I. 
Time. | Remarks. | Time. | Remarks. 
Experiment 1. Rabbit; weight 2200 gm. 
10.00 a.m.| 15 units insulin. p.m. 

p.m. | 3.28 | Blood glucose, 36 mg. 
1.30 Convulsions. | per 100 cc. blood. 
1.35 Recovered. DHA, 26 mg. per 100 
2.30 Convulsions. ec. blood. 

2.32 Recovered. | 3.35 In coma. 
2.40 Convulsions. | 3.37 Convulsions. 
2.43 Recovered. | 3.45 Recovery. 
2.47 Convulsions. 3.48 In coma. 
2.50 Recovered. 3.52 Blood glucose, 23 mg. 
2.55 Convulsions. per 100 cc. blood. 
3.00 Blood glucose, 21 mg. | DHA, 15 mg. per 100 
per 100 cc. blood. | cc. blood. 
3.05 0.5 gm. DHA,* sub- 3.55 0.75 gm. DHA. 
cutaneously. 4.05 Recovered. 
3.14 No recovery. 4.10 Blood glucose, 32 mg. 
3.16 0.75 gm. DHA, venous. per 100 cc. blood. 
3.20 Recovered. DHA, 37 mg. per 
| 100 cc. blood. 
4.30 | Convulsions. 
Experiment 2. Rabbit; weight 2000 gm. 
11.00 a.m.} 15 units insulin. p.m. | 

p.m. 3.30 In coma. 

1.15 Convulsions. 3.45 Blood glucose, 18 mg. 
1.30 Recovered. per 100 cc. blood. 
2.00 Convulsions. DHA, 19 mg. per 100 
2.20 Blood glucose, 29 mg. cc. blood. 
per 100 ce. blood. 3.50 0.75 gm. DHA, venous. 

2.25 0.5 gm. DHA, venous. 3.52 Recovered. 
2.27 Recovered. 3.54 In coma, 
2.28 Convulsions. 4.05 0.75 gm. DHA, venous. 
2.35 1 gm. DHA, venous. 4.25 Still in coma. 
2.40 Recovered. 4.30 Blood glucose, 23 mg. 
2.50 | Blood glucose, 37 mg. per 100 cc. blood. 

| per 100 ce. blood. DHA, 22 mg. per 100 





* DHA is used as an abbreviation for dihydroxyacetone. 





DHA, 87 mg. per 100 
ec. blood. | 





| 


ec. blood. 
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TABLE I—Continued. 











Time. | Remarks. Time. Remarks. 


| ' 





Experiment 3. Rabbit; weight 1600 gm. 





9.45 a.m.| 20 units insulin. p.m. 








p.m. 1.55 Convulsions. 
1.15 Convulsions. 2.00 0.3 gm. DHA, venous. 
1.20 0.25 gm. DHA, sub- 2.10 Convulsions. 
cutaneously. No 2.15 0.25 gm. DHA, venous. 
recovery. 2.20 Convulsions. 
1.25 0.5 gm. DHA, venous. 2.22 0.25 gm. DHA, venous. 
1.35 No convulsions but in 3.15 Coma and convulsions. 
coma. 








Experiment 4. Rabbit; weight 1800 gm. 











10.05 a.m.) 20 units insulin. p.m. 

p.m. | 1.55 0.30 gm. DHA, venous. 
1.15 | Coma and convulsions. | 0.60 “ ” subcu- 
1.30 | 0.25 gm. DHA, venous. taneously. 

1.36 10.25 “ ag " 2.05 No recovery.t 
1.45 1040“ « « 
No recovery. | 








Experiment 5. Rabbit; weight 2400 gm. 





} 
! 








10.00 a.m.| 20 units insulin. p.m. 

p.m. 5.48 | Recovery. 
4.48 | Coma and convulsions. 6.10 Coma. 
5.02 0.5 gm. DHA, sub- 6.14 Convulsions. 

| cutaneously. 6.16 | 0.5 gm. DHA, sub- 
5.05 Recovery. cutaneously. 
5.20 | Coma. 6.20 Recovery. 
5.35 Convulsions. | 6.35 Coma and _  convul- 
5.44 0.5 gm. DHA, sub-| | sions.t 
cutaneously. | 





+t Recovery in 12 min. with 0.85 gm. of glucose subcutaneously. 
t Complete recovery with 1 gm. of glucose subcutaneously. 
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TABLE I—Continued. 








Time. | Remarks. Time. | Remarks. 





Experiment 5a. Rabbit; weight 2400 gm. 





9.45 a.m.| 20 units insulin. p.m. 


p.m. 5.30 Convulsions. 
4.00 Coma. 5.45 0.20 gm. DHA, venous. 
4.15 Convulsions. 6.00 0.20 “ - - 
4.25 0.30 gm. DHA, venous. 6.15 0.20 “ as - 
4.28 Recovery. 6.25 0.20 “ ” - 
5.05 Convulsions. 6.35 No recovery. 
5.10 1 mg. ergotamine, 6.35 0.75 gm. glucose, sub- 

venous. cutaneously; re- 
5.15 0.30 gm. DHA, venous. covery. 
Convulsions. 








Experiment 6. Rabbit; weight 1600 gm. 








10.00 a.m.| 25 units insulin. p.m. 

p.m. 2.03 Recovery. 
1.30 Coma. 2.06 Convulsions. 
1.45 Convulsions. 2.09 0.5 gm. DHA, venous. 
1.53 0.6 gm. DHA, sub-| 2.10 Recovery. 

cutaneously. oa Coma and convulsions 

1.55 Recovery. 2.35 with alternate mo- 
1.57 Convulsions and coma. ments of recovery. 
2.02 | 0.5 gm. DHA, venous. 3.36 Deep coma. § 





Experiment 7. Rabbit; weight 2050 gm. 











10.50 a.m.| 30 units insulin. p.m. 

p.m. 3.38 Blood glucose, 110 mg. 
2.00 Convulsions. per 100 cc. blood; 
2.30 | Blood glucose, 9 mg. no DHA. 

| per 100 cc. blood. 4.15 Blood glucose, 61 mg. 
2.42 |2 gm. DHA, subcu- per 100 cc. blood; 
taneously. no DHA. 
2.48 Recovery. 4.55 Blood glucose, 69 mg. 
3.13 | Blood glucose, 33 mg. per 100 cc. blood. 
per 100 cc. blood;;} 6.30 Coma, convulsions. 
no DHA. 








§ Complete recovery with 2 gm. of glucose. 
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TABLE I—Concluded. 























Time Remarks. Time. Remarks. 
Experiment 8. Rabbit; weight 2100 gm. 
10.30 a.m.) 30 units insulin. p.m. 
p.m. 3.50 | In coma. 
3.10 | Convulsions. 4.10 Convulsions. 
3.15 2 gm. DHA, subcu- 4.15 Blood glucose, 5 mg. 
| taneously. per 100 cc. blood. 
3.25 | Recovery. DHA, 14 mg. per 100 
3.30 | Blood glucose, 24 mg. cc. blood. 
per 100 cc. blood. 
| DHA, 8 mg. per 
100 cc. blood. 
Experiment 9. Rabbit; weight 1650 gm. 
10.40 a.m.) 40 units insulin. p.m. 
pm | | 4.45 Began to recover. 
2.30 | Convulsions. | 4.50 Blood glucose, 22 mg. 
2.43 ; 2 gm. DHA, subcu- per 100 cc. blood. 
| taneously. DHA, 94 mg. per 100 
3.20 | No recovery. ce. blood. 
3.25 |} 2 gm. DHA, subcu- 5.50 Blood glucose, 36 mg. 
| taneously. per 100 cc. blood. 
3.50 | Blood glucose, 9 mg. | DHA, 15 mg. per 100 
| per 100 cc. blood. | cc. blood. 
| DHA, 184 mg. per | 6.20 Began to fall into 
100 cc. blood. | coma. 
| 7.00 Exitus in coma. 








The present investigation deals with the effect of pure mono- 
meric dihydroxyacetone on the course of hypoglycemia produced 
by administration of insulin. The mode of preparation of the 
animals will be given in the experimental part. The results are 
summarized in Table I and in Figs. 1 to 5. 

In a general way it was observed that both subcutaneous and 
intravenous administrations of dihydroxyacetone were often 
followed by temporary recovery from the symptoms of hypogly- 
cemia. The recovery was temporary after large as well as after 
repeated small fractional doses of dihydroxyacetone. 

In all cases of temporary recovery after dihydroxyacetone 
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Fig. 1. Effect of dihydroxyacetone on insulin convulsions, and concentra- 
tion of dihydroxyacetone and glucose in blood. Experiment 1. 
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Fic. 2. Effect of dihydroxyacetone on insulin convulsions, and concen- 
tration of dihydroxyacetone and glucose in blood. Experiment 2. 
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Fia. 3. Effect of dihydroxyacetone on insulin convulsions, and concen- 
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Fia. 4. Effect of dihydroxyacetone on insulin convulsions, and concen- 
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administration, there was noted a rise in the concentration of 
glucose in the blood. In one case no dihydroxyacetone was found 
in the blood (Fig. 3). In other cases simultaneously with the 
increase in the blood sugar there was noted the presence of 
dihydroxyacetone (Figs. 4 and 5). 

In the cases treated with repeated small doses of dihydroxyace- 
tone the earlier injections which were followed by temporary 
recovery were followed also by increase in the blood glucose; later 
injections which failed to bring about recovery did not raise the 
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Fia. 5. Effect of dihydroxyacetone on insulin convulsions, and concen- 
tration of dihydroxyacetone and glucose in blood. Experiment 9. 


concentration of the blood sugar (Figs. 1 and 2). In all these 
cases the injections of dihydroxyacetone were followed by the 
appearance of the substance in the blood. 

The present experiments give no definite answer to the question 
as to the source of the surplus sugar appearing in the blood after 
the administration of dihydroxyacetone. Itis doubtful that it is 
formed by condensation of dihydroxyacetone. The experiments 
indicate, on the contrary, that in the presence of an excess of 
insulin, dihydroxyacetone is not converted into glucose to a very 
large extent. 
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EXPERIMENTAL. 


The method employed for the determination of dihydroxyace- 
tone is similar to that described in another paper. This method is 
based upon the property of yeast to adsorb the glucose in the 
blood or from dilute solutions while dihydroxyacetone remains in 
solution. 

The reduction value was determined in all cases by the Hage- 
dorn-Jensen® method. By this method the monomeric form of 
dihydroxyacetone had a reducing power of 160 as compared with 
glucose (100). The reducing power of the solution was determined 
before and after adsorption with yeast and the glucose was esti- 
mated by difference. 

All rabbits were of approximately the same weight, about 2 
kilos. The animals were allowed to fast for 2 days. On the 3rd 
day the animal received a subcutaneous injection of iletin (Lilly). 
The quantity of insulin varied between 15 and 30 units. It was, 
however, observed that these variations in the quantity of insulin 
had little influence on the effect of the dihydroxyacetone adminis- 
tered subsequently. 

In view of the fact that some animals showed temporary re- 
covery spontaneously, the procedure was adopted of allowing the 
animals to remain in coma for 20 to 30 minutes before beginning 
the administration of dihydroxyacetone. The dihydroxyacetone 
was administered either subcutaneously or intravenously. It was 
administered either in a single dose or fractionally in small doses. 
The latter procedure was adopted for the following reason: As is 
seen from Experiments 8 and 9, after the administration of the 
large doses the recovery was followed by a relapse into coma with 
convulsions. It was hoped that by repeated injections of dihy- 
droxyacetone the animal might be maintained without coma and 
convulsions long enough to permit the natural mechanism of sugar 
metabolism to be restored to normal. 

The blood for analysis was withdrawn directly from the heart 
in view of the fact that larger quantities were needed for total 
analysis than could conveniently be obtained from the ear vein. 


® Hagedorn, H. C., and Jensen, B. N., Biochem. Z., 1923, exxxv, 46. 
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SUGAR METABOLISM. LACTOSE, GALACTOSE, AND 
XYLOSE. 


By J. G. BLANCO. 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, August 2, 1928.) 


In the study of the details of the metabolism of individual sugars, 
it is important to have a method for the estimation of the content, 
in the blood, of the foreign sugar in the presence of glucose. The 
usual methods for the separation of individual sugars are at best 
only first approximations, and in application to such conditions 
as are met with in blood analysis they are very imperfect indeed. 
Hence, any improvements in the methods of estimation of the 
concentration in the blood of foreign sugars in the presence of 
glucose is of great importance for many physiological and clinical 
studies. In recent years Corley' has made an effort to attain 
this end by the use of the method of fermentation. He realized, 
however, the shortcomings of the method. More recently 
Somogyi? has discovered that a suspension of yeast cells possesses 
the power of selectively adsorbing glucose and other fermentable 
sugars. This was confirmed by Raymond and Blanco* who found 
that the adsorbing power is selective for glucose, mannose, and 
fructose while the other monoses are not adsorbed. An attempt 
was therefore made to apply this method of adsorption to the study 
of the concentration in the blood of foreign sugars after they had 
been administered. Three foreign sugars have thus far been 
studied: lactose (Table I), galactose (Table II), and xylose (Table 
III). Each sugar was administered in three different ways, 
namely orally, subcutaneously, and intravenously, and in each 
case 2.0 gm. were given. 


' Corley, R.C., J. Biol. Chem., 1926, lxx, 521; 1927, Ixxiv, 1; 1928, Ixxvi, 31. 

* Somogyi, M., Proc. Soc. Exp. Biol. and Med., 1926-27, xxiv, 320; J. Biol. 
Chem., 1927, Ixxv, 33. 

3 Raymond, A. L., and Blanco, J. G., J. Biol. Chem., 1928, Ixxix, 649. 
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The results were as follows: 
1. Lactose (Table J). 


A. Oral.—No lactose was found in the blood. The increase 
of glucose in the blood was considerable. 

B. Subcutaneous.—There was present in the blood from 0.082 
to 0.180 gm. of lactose per 100 cc. The concentration varied from 
animal to animal but remained reasonably constant in the same 
animal. The glucose concentration increased somewhat during 
the time of the experiment, which lasted 210 minutes. 


TABLEI,. 
Lactose. 
In each case 2 gm. of lactose were administered. The results are 
expressed in mg. of sugar per 100 cc. of blood. 





















































A. Oral. B. Subcutaneous. C. Intravenous. 
Experi- After: After: After: 
ment 
a. slalalSlalelalalsigsielalelel4 
HHEBHEE BIEIEISiel/e/ 2/8 
A/S/S/Slal[Al[Sl/SiSlalalsieis/s 
yer? | pe pew 
I Glucose. 132/180'218 183)145/128/175/247 376) 146/170)147| 141/140 
Lactose. 0} 0} 0} (O 166) 180/124/136 528|328/242/144 
II Glucose. {144'163/325'314/263/118)141/144/167/205|130/184/595|209) 196 
Lactose. 0} 0} O} 0 106)126/114/116 480/337|122) 68 
III Glucose. |146 149/153}188)157|201|167/162/187|138 176/265 190)151 
Lactose. 0} 0} 0 118)146 154/150 448/302)111) 82 
IV Glucose.* |110)152)145)165 126/143/203/230/223 
Lactose. | | 0] O| 0 g2|118|120/114 
V | Glucose. |154!205/200|230) | 
| Lactose. 0} 0} 0| 








C. Intravenous.—The concentration of lactose was greatest 
after 15 minutes and then gradually dropped. It is noteworthy 
that in the early phases of the experiment the concentration of 
glucose also was increased, but after 150 minutes it generally was 
restored to its normal value. It is also noteworthy that in one 
experiment after 30 minutes the total sugar concentration was 
higher than could be accounted for by the injected lactose, and 
in this case a mobilization of glucose might have been produced 


by the lactose. 
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2. Galactose (Table II). 


A. Oral.—No galactose was found in the blood and the concen- 
tration of glucose varied within normal limits. 

B. Subcutaneous.—The concentration of galactose in the blood, 
082 with one exception, showed a gradual decline from the initial 
om value. The concentration of glucose showed an increase, though 
not so high as in the case of lactose, but after 150 minutes in some 


‘ase 










































































me 
ing experiments there was noted a drop to below normal. 
TABLE II. 
Galactose. 
In each case 2 gm. of galactose were administered. The results are 
are expressed in mg. of sugar per 100 cc. of blood. 
—— A. Oral. B. Subcutaneous. C, Intravenous. 
. 
— Experi- After: After: After: 
ment — = — 
— _ slalaiSiSilelalalslSiéslalalals 
E Sl) ela 2E(S|e)a)2) 2/8) 8) 2 2/2 
& aisle|/2/Rl/alele|/2|/&l/ale|s}3/3 
— 4 I | Glucose. 143/147|132|175 130}130|151/102/102)157 320 192)205 
40 Galactose. 0} 0} 0 140|140}136|100 330/270)120 
“4 II | Glucose. | 150/230/200/184) | 95) 95/152|180/189/142/270/180|110)120 
196 Galactose. 0} 0} 0 120/118) 95} 60 510}440/333/200 
6 III | Glucose. —|123/136/130/125) —|105|151|151/146/133/139)148/290/201|148 
51 : Galactose. 0} 0} 0 110}110| 93/115}  |480/390/260/155 
sl IV | Glucose. — /130/180|144/132/124|138)146|163| 108/107 
Galactose. 0} 0} 0} O 129/120) 85) 64 
C. Intravenous.—The concentration of galactose in the blood 
mm reached as high as 0.500 gm. per 100 cc. of blood and dropped 
st continually from the initial value. The concentration of glucose 
ry was increased much above the normal and persisted so even after 
of 150 minutes. It is possible that in this case also the injection of 
as the foreign sugar caused a mobilization of glucose. 
ne 
as 8. Xylose (Table III). 
“ A. Oral.—Xylose showed a different behavior from that of 
; lactose and of galactose. Whereas the other two sugars did not 


seem to be adsorbed from the gastrointestinal tract, xylose entered 
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into the blood even after administration orally. It was also pecu- 
liar that the concentration of xylose in the blood seemed to increase 
with time and often was higher after 210 minutes than after 30 
minutes. The concentration of blood glucose showed a slight drop 
soon after the injection, and the drop generally was followed by a 
rise which persisted even after 210 minutes. 

B. Subcutaneous.—The results of the experiments under these 
conditions were not uniform. The xylose content in the blood was 
on the average about 0.150 gm. per 100 cc., and the concentration 
remained fairly constant during the 210 minutes of the experiment. 


TABLE III. 
Xylose. 
In each case 2 gm. of xylose were administered. The results are 
expressed in mg. of sugar per 100 cc. of blood. 




















6 | | A. Oral. | B. Subcutaneous. | C. Intravenous. 
Z, | | 
2 | | | After | | After: | | After: 
£ we ri ee ‘wes Gee ors F-2 
| 'alala|#lijg}alalilalels al/2/4/4 
& | 1 & EIE/ELEIS/Bl/E/FlEFlslalele}F|é 
og | igiecle g/2/Sisle/2/2/32 els/3|2 3 
SS re — eevee + Keen Bod iB Sol oe hats 
| | 
1| Glucose. |1 160) 141} /139) 200 '320| 14811251 118) 91/121 38 173 263 262 268) 200 
Lead 
| Xylose. 81) '102) 104 102| 11211 134/130 | 81) 182! 182) 195) 164/150 
II} Glucose. = 148/116 250 2801139 97 54| 74) 63/151) |100 230|280|290 356 
| Xylose. | 70,109'113/115 (111) 168 177 168} '380 280) 250 190,124 
III} Glucose. Ls 135) 116)130)147 143) 175) 172) 173) 190 156, 108/290'310 280,165 
| Xylose. | | 52) 80 102 122) i113) 159) 170) 141 290 290 265 205 148 
IV| Glucose. | | | | | [139jt4siisziaiij2cs| || 
| Xylose. | = | | | 97) 141) |150 132] 





The concentration of glucose varied with the animal. In two out 
of four experiments, there was noted a drop from the normal con- 
centration which persisted during the time of the experiment, 
namely, 210 minutes. In two other cases the glucose concentra- 
tion remained increased above normal. 

C. Intravenous.—The highest concentration of xylose in the 
bleod under these conditions of experiment was 0.380 gm. per 100 
ce. of blood. The concentration showed a gradual decline. The 
concentration of blood glucose in two cases out of three showed a 
drop lasting only a short interval, followed by a persistent rise. 
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In a third case the rise occurred immediately. Thus it seems as 
if intravenous administration of each sugar causes a mobilization 
of glucose. 

If these results are compared with those of Corley, there are 
observed certain disagreements; namely, after oral administration 
of galactose Corley found it in the blood, whereas in the experi- 
ments here reported no galactose was found in the blood. After 
intravenous injections of the same sugar, Corley, contrary to the 
observations here reported, found no increase in the concentration 
of glucose in the blood. 

The results of Corley’s experiments with xylose harmonized in 
a general way with ours. 

It is realized that the results thus far obtained have only a 
tentative character and they are reported at this date principally 
to call attention to the method by which foreign sugars can be 
conveniently estimated in the blood. 


I wish to express my gratitude to Dr. P. A. Levene for his help 
and encouragement throughout this work. 


EXPERIMENTAL. 


All experiments were performed on normal rabbits of about 2000 
gm. weight. They were not allowed to fast. 1 hour before the 
beginning of the experiment the animal received an injection of 
0.05 gm. of amytal per kilo of body weight. This dose has been 
known not to produce hyperglycemia and this generally accepted 
view was confirmed experimentally by us. 

Three series of experiments were performed with each sugar. In 
one series the sugar was administered orally, in the second sub- 
cutaneously, and in the third intravenously. 2.0 gm. were 
administered in each experiment. 

The blood sugar estimation was made in the following way. 1.2 
ec. of blood were withdrawn from the heart of the animal prior to 
the injection and ingestion of the foreign sugar and other por- 
tions of the same size at intervals after administration. Of these 
samples 0.1 cc. was employed for the estimation of the total reduc- 
ing power. 1.0 cc. was employed for the differential estimation of 
glucose and the other reducing substances. From this quantity 
of blood the glucose was removed by adsorption by a yeast sus- 
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pension. The power of yeast to adsorb or to absorb glucose was 
discovered by Somogyi.? The details of the procedure were the 
following. 1.0 cc. of blood was mixed with 7 cc. of a 10 per cent 
suspension of bakers’ yeast (Fleischmann). 1 cc. of a 10 per cent 
solution of tungstate and 1 cc. of 0.66 N sulfuric acid were added, 
and the suspension was well shaken and allowed to stand for 5 
minutes. The mixture was then centrifuged, the supernatant 
liquid filtered, and 1 cc. of it was taken for a sugar estimation 
according to Hagedorn and Jensen. This value represents the 
sum of the values of the non-glucose reducing power and of the 
foreign sugar. Thus the values of glucose and of foreign sugar 
can be calculated by difference. The non-sugar reducing power 
of normal blood is equivalent to 0.019 to 0.022 gm. of glucose per 
100 cc. of blood. The control samples of the various sugars were 
added to normal blood and the adsorbing power of yeast suspension 
for these sugars under these conditions was tested. The results 
were always negative. 

The results are summarized in Tables I to III, the unit being 
mg. of the sugar per 100 cc. of blood. 


* Hagedorn, H. C., and Jensen, B. N., Biochem. Z., 1923, exxxv, 46. 





oR «A AES 





XUM 


—— 


ana ah ee ef fh aftr 


» thm ak se ae 





e was 

e the 

cent 

’ cent 

dded, EFFECT OF ROENTGEN RADIATION ON SOLUTIONS OF 

for 5 TYROSINE AND CYSTINE. 

atant By WILHELM STENSTROM anp ANNE LOHMANN. 

wre (From the Laboratory of Biophysics, University of Minnesota, Minneapolis.) 

f the (Received for publication, July 16, 1928.) 

ba One of the outstanding problems, in any attempt to analyze 

per the ultimate nature of the effect upon living tissues which is being 

were produced by x-rays, is the elucidation of the effect upon the body 

sion proteins. 

sults Two main lines of attack of this problem present themselves; 
first the denaturing effect upon the different pure proteins and 

eing second the possible effects upon the structure of the different 
amino acids. In this paper we present the first results of some 
experiments which we are conducting along the second of these 


two lines. As far as we know the effect on amino acids has not 
been studied before. 

The radiation for these experiments was obtained from a water- 
cooled deep therapy Coolidge tube while patients were being treated; 
200 kilovolts and 30 milliamperes were used. The solutions were 
sealed in glass tubes 15 cm. long, 14 cm. in diameter, and 1} mm. in 
thickness (about 15 cc.in each tube). Two of these tubes were pre- 
pared at the same time, one being used as a control by the follow- 
ing arrangement. One was placed inside a lead cylinder with 
walls, cap, and bottom 3 mm. in thickness. This lead protection 
was sufficient to prevent any appreciable amount of radiation 
from reaching the solution. The other tube was placed inside an 
aluminum container with walls, 0.3 mm. in thickness. Thus 
only a small amount of the Roentgen radiation was stopped by the 
aluminum while visible radiation was excluded and the tempera- 
ture of the two tubes was equalized. The lead and aluminum 
container were placed inside a large metal cylinder in which the 
Roentgen tube was installed. The distance from the target to the 
center of the tubes was 57 cm. 
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The tyrosine was recrystallized by the method of Folin. Folin’s 
method for the determination of tyrosine by means of the phenol 
reagent was used. Both the recrystallization and the determina- 
tion were used in the form recently described by Folin and Cio- 
calteu (1). 

The first solution of tyrosine (Solution A) used contained 1 mg. 
of tyrosine in 1 cc. of a 2 N sulfuric acid solution. The sulfuric 
acid was present to increase the solubility of the tyrosine and the 
keeping qualities of the solution. The first pair of tubes was ra- 
diated for 27 hours. Only about 2 per cent of the tyrosine was 
changed. The time was then increased to 156 hours for the next 
pair of tubes and 14 per cent of the tyrosine was changed. The 
change thus seemed to be about proportional to the time of 
radiation. 

A 10 times weaker solution of tyrosine (Solution B) was then 
made up, containing 0.1 mg. of tyrosine per cc. in a 2 N sulfuric 
acid solution. An exposure of 26 hours and 50 minutes resulted 
in a change of 17 per cent of tyrosine, which corresponds to almost 
the same absolute amount as was changed in the stronger solution 
exposed for about the same time. This indicates that a certain 
amount of radiation would change a certain number of tyrosine 
molecules almost independently of the concentration. 

A third solution of tyrosine (Solution E) was also made up by 
diluting a part of Solution A 50 times with distilled water, giving 
a concentration of 0.02 mg. of tyrosine in 1 cc. of 0.04 N sulfuric 
acid solution. This solution was radiated without aluminum 
protection in glass-stoppered tubes, 2.5 cm. long, 20 cm. in diame- 
ter, and 1.3 mm. in thickness (about 50 cc. in each tube). The 
results of the radiation of this solution, as well as of Solutions A 
and B just referred to, are given in Chart 1. 

In Solution A, 1 cc. was used for the determination, in Solution 
B, 10 cc. were used, and in Solution E, 50 cc. In each case the 
unradiated sample was used for the standard. 

The sum of the experimental errors in the exposures amounts to 
about 5 per cent, while those of the tyrosine determination are 
approximately 2 per cent. This error is increased by the develop- 
ment of a brown color caused by the decomposition of the tyrosine, 
the more decomposition the greater the error introduced in the 
determination. 
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Cuart 2. Showing the influence of the concentration of the tyrosine 
solution upon the amount of tyrosine changed. Lines drawn by inspection. 
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An analysis of Chart 1 shows that the change is directly pro- 
portional to the dosage. The influence of the concentration upon 
the amount of tyrosine that is being altered is slight and is graphi- 
cally presented in Chart 2. When the concentration is reduced 
50 times the efficiency of the x-rays to decompose the tyrosine is 
reduced only about to one-half. 

We have also determined the influence of radiation on a pure 
tyrosine solution without any sulfuric acid. The same concen- 
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Cuart 3. Showing the oxidation of ferrosulfate proportional to the 
amount of radiation. 


tration was used as in the weakest tyrosine solution (Solution E). 
When this solution was radiated 4.5 and 7.5 hours, 9 per cent and 
15 per cent respectively were changed. This is in practically 
quantitative agreement with the change obtained in the acid solu- 
tion. The sulfuric acid evidently does not appreciably influence 
the rate of the change. 

The sequence of the events, therefore, seems to be a primary 
ionization of water molecules and a following transference of energy 
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from the ions to the tyrosine molecules. The phenol structure is 
evidently changed. 

In order to find out how much radiation had been absorbed by 
the solution, we used a method for measurement of dosage that 
recently has been proposed by Fricke and Morse (2). They found 
that FeSO, in 0.8 n H.SO, solution is oxidized to Fe2(SO,)3 by 
Roentgen radiation. They also found that the amount oxidized 
was directly proportional to the Roentgen dose and that 56.7 
kilo Roentgens (K.R.) are required for the oxidation of all the 
FeSO, in 0.001 n solution. We radiated such solutions in the 
same way as the tyrosine solutions had been radiated, and meas- 
ured the amount of FeSO, oxidized with an electrometric titration 
method similar in principle to the one used by Fricke and Morse 
with the exception that we took the end-point as the place where 
there was a large change in E.M.F. according to the method sug- 
gested by Kolthoff and Furman (3). The results of these experi- 
ments are shown in Chart 3. From these measurements we find 
that the solution on an average absorbs 7.86 K.R. per cc. per hour. 

According to these findings all the tyrosine in Solution E 
should be changed if irradiated for 47 hours and 16 minutes or by 
372 K.R.; thus, 0.02 mg. of tyrosine will be changed by 372 K.r. 
or 0.0000538 mg. of tyrosine by 1 K.r. This gives 6.06 x 10?° 
Xx = x 10-7 or 1.80 X 10" molecules for1k.r. As 1R. produces 

10 
a pair of ions per ce. of air, it ought to produce about 1000 
times as many in the solution which has an effective atomic num- 
ber about equal to that of air. 1 x.r. should therefore produce 
about 2.1 x 10° x 10° pairofions. The number of molecules (/) 
1.80 x 10" 


changed ir of ions (N) st +, ———_————_ f 
nged per pair of ions (N) should be, 21x 108 or about 


M ; a ee 
mI = 7) When a 50 times as concentrated solution is irradiated, 


N 
M , . M. 
v would become about 3, for FeSO, vis about 5. 
According to these findings it is possible that an appreciable 
amount of tyrosine may be changed in the body when a patient 
is exposed to an erythema dose which amounts to more than 1 


K.R. per cc. in a considerable volume. However, other body 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. LXXIX, NO. 2 








678 Roentgen Radiation 


substances may be more reactive than tyrosine and may utilize 
the available ionization energy involved. 

A solution of 0.1 mg. of cystine in 1 ec. of 1 N H,SO, was exposed 
for as much as 95 hours (770 K.R.). No measurable change was, 
however, noticed when the colorimetric method (4) was used 
to determine the cystine present. 


SUMMARY. 


When tyrosine in a weak aqueous solution is exposed to Roent- 
gen radiation it is changed in regard to the phenol group. The 
amount changed is proportional to the dose of radiation absorbed. 
It varies only slightly with the concentration, the result of high 
dilution being a small decrease in the efficiency of the radiation. 
About 0.01 mg. of tyrosine in a 0.002 per cent solution is changed 


by 186 K.R. 


4 


Vv is approximately +5. 
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THE IRON AND MANGANESE CONTENT OF FEEDING 
STUFFS.* 


By J. T. SKINNER anv W. H. PETERSON. 
(From the Department of Agricultural Chemistry, University of Wisconsin, 
Madison.) 
(Received for publication, July 25, 1928.) 


That the inorganic elements play an important réle in plant and 
animal metabolism has long been recognized. However, it is only 
in comparatively recent years that the importance of some of the 
less obvious of these elements has been realized and attempts 


- made to determine their function in the animal organism (1-5). 


For example, the wide-spread occurrence of manganese in the 
tissues of animals (6-9) is an indication that it probably serves a 
useful purpose there. Direct evidence of the nutritional value of 
manganese has been furnished through various feeding experi- 
ments. Richet, Gardner, and Goodbody (10) have demonstrated 
that manganese, if administered in small amounts, produces a 
favorable effect upon the growth of dogs. More recently McCar- 
rison (11) reported that manganese, when ingested by young rats 
to the extent of 1 part in 617,700 parts of ration, was beneficial in 
promoting growth. However, when the manganese was increased 
to 1 part in 12,000, a retarding influence upon the rate of growth 
became evident after 32 days. 

In view of the demonstrated function of manganese in animal 
metabolism, a knowledge of the content of this element in the 
various feeding stuffs is highly desirable. A few papers (12-15), 
have already been published on this subject, but many of the 
materials commonly consumed by farm animals are not included 
in these papers. 

Unlike manganese, iron has been recognized for many years as 
important in nutrition. Consequently, the lack of analytical 


* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 
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data with regard to the iron content of various feeding stuffs is 
rather surprising. Henry and Morrison (16) in their tables of the 
mineral matter in representative feeding stuffs give the iron con- 
tent for only one-half of the materials listed. Additional analyses 
have been reported (12-14, 17) but the number of samples was 
rather limited. 

In this paper will be presented the manganese content of 54 
feeding stuffs and the iron content of 51 of the same samples. 


EXPERIMENTAL. 


Preparation and Ashing of Samples.—The feeding stuffs were 
either obtained from the local market or were taken directly from 
the field. After being dried, all coarse materials were reduced to a 
finely divided state, care being taken to avoid the introduction of 
iron or manganese. The samples were ashed in a muffle furnace 


at a cherry-red heat until all carbon had been oxidized. Samples . 


which were extremely hard to ash were first burned at a somewhat 
lower temperature and the partially oxidized mass was then ex- 
tracted with water and filtered. After the residue was dried it was 
ignited to a carbon-free ash. 


Methods of Analysis. 


Iron.—The iron analyses were made according to the ferric 
thiocyanate method given in Standard Methods for the Examina- 
tion of Water and Sewage by the American Public Health Associa- 
tion (18). Precautions with respect to dishes and reagents de- 


scribed in a previous publication (19) were observed. i 


In order to secure representative samples from the various 
feeds 2 to 4 gm. portions were usually ashed. The ash was 
dissolved in HCl (1:4) made to a definite volume and aliquots 
assumed to contain from 0.1 to 0.3 mg. of iron were taken for 
analysis. In the analysis of some of the samples it was thought 
that it might be desirable to remove the silica by evaporating 
the solution to dryness, but no color could be obtained with a 
sample which had received such treatment. No attempt was 
therefore made to remove the silica. 

The high concentration of phosphates in the cereals frequently 
prevented the full development of the thiocyanate color. This 
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difficulty was overcome by oxidizing the HCl solution of the ash 
with 30 per cent H.O:, a reagent which had been found successful 
in such cases by Dr. C. A. Elvehjem of this laboratory. 

All analyses were run in triplicate and to one of them was 
added 0.1 mg. of iron for recovery. If a satisfactory recovery 
of the added iron was obtained it was felt that the iron content 


TABLE I. 
Detailed Data Illustrating Procedure in Determination of Iron in Repre- 
sentative Samples of Feeding Stuffs. 

















Weight : 
iia Weight of Fein Reading». mee er . 
a leample: he - oe Stand-| Ali- |*mple. added 4 
quot. ard. quot. 
gm. gm. mg. mm. mm. mg. |per cent| per cent 
Alfalfa hay. 2 0.8| 0.1 | 25 | 17.8 | 0.351 0.0176 
2 0.8| 0.1 | 25 | 18.0 | 0.348 0.0174 
2* | 0.8} 0.2] 20 | 22.3 | 0.449) 99 
Corn, yellow. | 2 2.0} 0.1] 25 | 27.7 | 0.090) | 0.0045 
2 2.0} 0.1] 25 | 28.1 | 0.089) | 0.0045 
2* | 2.0] 0.2] 20 | 20.5 | 0.195! 106 
Corn stover. 4 1.6; 0.2] 20 | 26.8 ied 0.0093 
4 1.6| 0.2] 20 | 26.6 | 0.376) 0.0094 
4* | 1.6] 0.2] 20 | 21.0 rs 102 
Rape. | 2 | 0.8} 0.2} 20 | 20.4 | 0.490) | 0.0245 
2 0.8} 0.2} 20 | 20.6 | 0.485) | 0.0243 
| 2* | 0.8] 0.2] 20 | 17.0 | 0.588) 101 | 
Tankage. 1 0.2| 0.1} 25 | 26.1 | 0.483! | 0.0483 
0.2] 0.1! 25 | 25.9 | 0.479) | 0.0479 
i* | 0.2] 0.1] 25 | 19.2 | 0.571) 90 | 























* A quantity of the standard iron solution containing 0.1 mg. of Fe was 
added to this sample before ashing. 


of the sample was being accurately determined. There was no 
appreciable difference whether the iron was added prior to ashing 
or just before oxidizing the solution with permanganate. 

The detailed data for five of the 51 samples are given in Table I. 
These five samples are representative of the different classes of 
feeding stuffs and include materials which range from low to high 








682 Fe and Mn Content of Feeding Stuffs 


in iron content. The recovery of added iron is from 90 to 106 per 
cent and shows the reliability of the method. The same procedure 
was followed in the analysis of all the other samples. If a satis- 
factory recovery was not obtained the first time, the analysis was 
repeated with particular attention to the ashing and to the oxida- 
tion of the hydrochloric acid extract. 

Manganese.—This element was determined by the procedure 
given in Methods of Analysis of the Association of Official Agricul- 
tural Chemists (20). Certain modifications in procedure and 
precautions with respect to reagents and dishes have been described 
in a previous publication (21). 

Samples high in calcium frequently showed a separation of 
CaSO, while the solution was being evaporated for the removal 
of chlorine. In such cases it was necessary to shake the beaker 
continuously to prevent spattering and loss of manganese. A 
satisfactory reading of the colorimeter in the presence of this 
precipitate was impossible and therefore it was removed by filtering 
through a layer of manganese-free asbestos in a Gooch crucible. 
The residue was washed with small portions of water until the 
volume of the filtrate was approximately 30 cc. 

In a few instances during oxidation with KIO, the permanga- 
nate color faded as the volume was reduced. This difficulty was 
overcome by the addition of a few drops of sirupy phosphoric acid 
to the boiling solution. 

As in the analysis of iron, triplicate determinations, one of 
which was a recovery, were made upon each feed. The percentage 
recovery was slightly lower when the manganese was added before 
the sample was ashed. The lowest recoveries were obtained with 
those samples which yielded large amounts of ash. It is probable 
that the loss was due to occlusion of the added manganese in the 
silica and other insoluble compounds. Samples of such size were 
taken that the color could be compared with that of a standard 
containing from 0.1 to 0.25 mg. of manganese. When concentra- 
tions greater than these are present, the KIO, may fail to develop 
completely the permanganate color. 

Table II illustrates the procedure in detail for the determination 
of manganese in five feeding stuffs. The difficulties encountered 
in the analyses of these feeds are representative of those met with 
in the analyses of all the materials. The recovery was better than 








XUM 





lure 
itis- 
was 


ida- 


jure 
cul- 
and 
bed 


1 of 
val 
uker 


this 
ring 
ible. 
the 


nga- 
was 
acid 


> of 
page 
fore 
vith 
able 
the 
vere 
lard 
tra- 
elop 


tion 
ered 
with 
chan 








J. T. Skinner and W. H. Peterson 683 


90 per cent for each of these samples. In only eight analyses was 
the recovery less than 90 per cent. 


DISCUSSION. 


The amounts of iron and manganese per kilo of dry matter for 
all the samples are given in Table III. 


TABLE II. 
Detailed Data Illustrating Procedure in Determination of Manganese in 
Representative Samples of Feeding Stuffs. 














- : Readings. Recov- 
Weigh M ‘ 
Material. of. | stand) | ———-_———| Mnin | eryof | tn 
sample.| ard. a Sample. eg 
gm. mg. mm. mm. mg. per cent | per cent 
Alfalfa hay. 2.5 | 0.148 20 16.5 | 0.179 0.0072 
2.5 | 0.148 20 16.8 | 0.176 0.0071 
2.5*| 0.247 15 13.7 | 0.271 94 
Corn, yellow. 15 0.148 20 37.0 | 0.080 0.00053 
15 0.148 20 36.0 | 0.082 0.00054 
15* 0.148 20 16.4 | 0.181 100 
Cottonseed meal. | 15 0.247 15 12.2 | 0.304 0.0020 
15 0.247 15 12.6 | 0.294 0.0020 
15* | 0.247 15 9.4 | 0.394 96 
Oat straw. 2 0.148 20 17.0 | 0.175 0.0087 
2 0.148 20 17.0 | 0.175 0.0087 
2° 0.247 15 13.7 | 0.271 96 
Sugar beet roots. 1 0.148 20 14.8 | 0.200 0.0200 
1 0.148 20 14.0 | 0.211 0.0211 




















1* | 0.247 15 12.5 | 0.296 92 


* 0.099 mg. of Mn was added to this sample. 


Iron.—The iron content in the 51 feeds ranged from 8.9 mg. 
per kilo for polished rice to 750 mg. for coconut oil meal. 80 per 
cent of the samples contained between 40 and 500 mg. per kilo. 
The average for all the samples was 203 mg. per kilo. 

The variations observed in a single feed were enormous. For 
example, five samples of alfalfa varied from 126.5 to 681.8 mg. per 
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TABLE III. 
Iron and Manganese Content of Feeding Stuffs. 
Fein dry | Mn in dry 
Material. matter matter 
(100°). (100°). 
mg. per kg.| mg. per kg. 

ES a eT eee ee eee ere 174.7 71.2 
- “ first cutting (Wisconsin)............... 242.8 46.0 
- “ second ‘ i  » uninioba do e-eae 126.5 47.9 
= “ first ** (Colorado), Sample 1......| 681.8 27.0 
“ “ “ if “ “ > oe 497.5 44.0 
EE i one Ada wckedneoeeks SASS CASROKAES ESA SS ce kee 65.1 19.0 
ES ct Cidade ce ceev bedhead sebanteseeeuteawe 512.5 8.9 
Nr Aad Sinn ca es Mi ale kin ees aw KH 425.5 59.0 
I os ii wis nnde chad seas ebeoeseecers 170.9 38.3 
ES EE er re rere are ee 69.8 89.3 
as RE RE Aree ok opener eee ee 99.3 97.2 
EE. un deere ce eNeawessemedenawensch 750.0 87.0 
Eo ccbicte x ty cnciwanccherdveebensssawsueed 44.8 5.4 
Pe ESA pia wane nn sehen ROK saes She ae ee 183.9 5.9 
P|, ERIE RRP Pee TS 182.9 15.0 
A 7 fen adhd ades iw meee eed Jnonabewe 362.9 34.8 
ce AEST CS pene Selmer ne Peon 2 Are 93.7 53.7 
IR oo. Ua cdi uincentusseuetaadeséeateuu 53.9 19.9 
I CL .  Scvinccedostesesersaudeseuuay 360.3 24.7 
Lt atna andl pak edwedaesediwetees went 51.7 35.2 
INE 21. hot rshln vibtegnwie wa We emai Dae eke tas wea 463.0 26.9 
EE EE ae Oe ee ee Oe ee ee 36.8 37.4 
EEE eee! emcee eee were ee Ry 94.4 16.4 
Eo endbewvendeceneaseetnachaveekeus 465.0 14.7 
SE, SUN: <a 50es wow aks ec hieewerchewkawias 39.1 15.9 
IIE, 5.521 (ond haneeucdia Vecaguseesdaweiesane 105.8 49.4 
EE oad kita ante wise dig eae cues AO CREAR 241.5 18.7 
I cada tcsaGhar ed eeenbeaaaansetn 438.5 10.0 
Millet, Japanese... ...........ececececccecececesecens 58.7 35.6 
ea Said sean An tAe sane bediwmeenet eens ethos 42.3 31.8 
2h ota beea ke kae Shan xenawatneeaet eee 61.3 87.1 
See oo Lae iid naa aus Vena eee seoeae waa che 243.9 51.1 
NS EEO SIL IOS COL LE EF POE OT POR ET 11.0 16.8 
TE, ties sa dacdd obkeddedebbanaeoniadeai 8.9 12.0 
SS Er een eee eee ye eee te one oe 57.4 50.1 
” “4 RE res hope pape re ce ene nner eee 32.3 
NN 5 arrose EOWA RS aes ee RAEN EN 54.3 41.1 
IS ok oe ola GAG Menioe- wa da vines haste ed 59.5 29.5 
Pe pO 6 ines bdbawdvevasdddededbastenedetecens 304.0 84.1 
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TABLE lI—Concluded. 








Fein dry | Mnin dry 
Material. matter matter 
(100°). (100°). 

mg. per kg.| mg. per kg. 
ee Te He Gs an de inde iei ii aid 53.5 205.7 
OW CI Giks svn Ce nwcnasehee es cesbken 178.7 712.4 
SF BI s,s c pivdinan ceaeexatun 478.5 102.9 
i SUNN TU... a5 6s nk kedstnsanccnstenensnsnean 212.8 46.1 
SE oe tier Pee ee ere oEr peer 480.8 14.3 
CES. cxccciessbakipascansddesstpesasnseeaaen 30.2 32.0 
| er rrr rrr Seer rrr ee rrr tet 354.5 106.5 
Ms od 0'5.d' bes ca a laoc sus oh Seuegne ed Wak Danes 46.3 54.5 
P. I ED Bikk 5 cinch oncdanins derehatinesanmhen 162.8 140.4 
. ” ” occ caved anus Ween wien nae 140.4 
ch RR eR pn ea ee ee Ie 71.0 27.4 
FR IE ciency ec cancdcesdcohedensda 120.3 129.6 
° = EE i vacccbsvsvevkateodouatues 192.4 155.8 
a  *< + Ree eeree rs eee rere 71.0 24.1 
ss " Ph Bsn csee so icandt eed eee ceatw 30.8 











kilo. The first cutting of alfalfa contained 242.8 mg. per kilo 
whereas the second cutting from the same plot of land contained 
only 126.5 mg. Apparently the available iron supply was being 
rapidly diminished by the growing plant. 

The average iron content arranged in descending order and 
expressed as mg. per kilo of dry matter for some of the principal 
classes of feeding stuffs are: 4 animal products, 418.4; 4 green 
forage crops, 331.7; 8 legume hays, 324.3; 19 by-product concen- 
trates, 189.6; 3 cured forage feeds from grasses and cereals, 59.4; 
9 grains and seeds, 51.6; 2 straws, 43.7. The group containing 
the grains and seeds showed the least variation, the limits for this 
group being 39.1 and 65.1 mg. per kilo. The percentage of iron 
was greater in the by-product concentrates than in the materials 
from which they are manufactured. 

Manganese.—The amount of manganese as given in Table III 
varied from 5.4 mg. per kilo for yellow corn to 712.4 mg. for sugar 
beet tops. Of the entire number of samples 90 per cent contained 
from 10 to 150 mg. per kilo. The average for all the samples was 
63 mg. per kilo. ‘ 

The manganese in different samples of the same feed varied 
widely. Sugar beet tops grown in the field contained 712.4 mg. per 
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kilo as compared to 102.9 mg. per kilo in a sample grown in a 
greenhouse. The manganese in five samples of alfalfa hay grown 
on different soils varied from 27 to 71.2 mg. per kilo. In contrast 
to the variations in iron, the manganese figures for the first and 
second cuttings were much alike, 46 and 47.9 mg. per kilo respec- 
tively. One sample of rye contained 32.3 mg. per kilo, another 
contained 50.1 mg. but two samples of wheat bran were found to 
contain the same amount of manganese. 

From the standpoint of manganese, the group containing green 
forage crops far surpasses any of the other groups of feeding ma- 
terials. The average for this group was 231.4 mg. per kilo, whereas 
the next highest group showed an average manganese content of 
only 59.1 mg. The grains and seeds were not found to be as rich 
in manganese as the by-products obtained from them. These facts 
indicate a concentration of the element in the seed coat. 


Comparison of Distribution of Iron and Manganese. 


In previous publications (21, 22) it was reported that the iron 
content of human foods was from 2 to 25 times as great as the 
manganese. In the animal feeding stuffs listed in Table III, the 
average iron content is about 3 times that of the manganese. In 
the animal products, such as tankage, the iron is more than 30 
times as abundant as the manganese. In the grains and seeds 
nine of the 51 samples contained more manganese than iron. A 
change in iron content is not related to a change in manganese. Of 
the five samples of alfalfa the one containing the greatest amount 
of iron contained the least amount of manganese. 


SUMMARY. 


The manganese content of 54 samples of a wide variety of feed- 
ing stuffs and the iron content of 51 of the same samples are given. 

The figures (dry basis) range from 5.4 to 712.4 mg. per kilo for 
manganese and from 8.9 to 750 mg. for iron. Great variations 
for both elements were observed in different samples of the same 
feeding stuff. 

The average iron content was 3 times the average manganese 
content. In only nine samples did the manganese exceed the 
iron. 
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OXIDATION-REDUCTION SYSTEMS OF BIOLOGICAL 
SIGNIFICANCE. 


I. THE REDUCTION POTENTIAL OF CYSTEINE: ITS MEASURE- 
MENT AND SIGNIFICANCE. 
By L. MICHAELIS anp LOUIS B. FLEXNER. 


(From the Laboratory of Research Medicine, Medical Clinic, the Johns 
Hopkins University, Baltimore.) 


(Received for publication, July 23, 1928.) 





It is well known that tissue extracts or suspensions of cells 
establish a rather strong negative electric potential under anaerobic 
conditions at indifferent electrodes such as platinum, gold, or 
mercury. An observation of this sort was first made by Gillespie 
on bacteria; he inaugurated an interpretation based on the con- 
cepts of reduction potentials. The success met on application of 
the theoretical fundamentals of oxidation-reduction potentials 
(hereinafter to be referred to by us as “redox’”’ potentials) as de- 
veloped by Ostwald, Nernst, Haber, Luther, Fredenhagen, Le- 
blanc, Peters, and others, to organic redox systems in the hands 
of Biilmann and more particularly W. M. Clark has given great 
impetus to more elaborate study of physiological materials. 
Among those investigators attempting to relate their studies of 
biological material to those of the reversible systems it may be 
sufficient to mention W. M. Clark, Conant, Dixon, Quastel, 
Tunnicliffe, Drew, Fleisch, E. N. Harvey, Kendall and Nord, 
Needham and Needham, Rapkine and Wurmser, Thunberg, 

j Voegtlin, Johnson and Dyer. 

The concept of a definite, finite redox potential and of a definite, 
finite redox system is limited to reversible systems and moreover 
to reversible systems at equilibrium. An attempt to apply the 
theory of redox potentials to physiological materials is met with 
the difficulty that oxidation in tissues is, on the whole, an irreversi- 
ble process impossible of ending in a state of equilibrium, such 
equilibrium being contradictory to life. Is there then sufficient 
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reason to attempt to correlate biological reduction potentials with 
those inanimate redox systems capable of exact thermodynamic 
treatment? 

There is one condition which permits this correlation. When a 
tissue, naturally aerobic, is deprived of its oxygen supply and 
when it has reduced the last small quantities of available oxygen 
as far as it can, then the reducing substance of the tissue acts on 
other of the tissue compounds and reduction goes on until a 
definite equilibrium is established. This equilibrium to be sure 
means death, but the final potential reached after its establish- 
ment must in some way be related to the chemical composition of 
the tissue in its living state. The potential established after 
withdrawal of oxygen supply may, therefore, be different for 
different kinds of cells and in addition be related to the individual 
properties of these cells when living. 

Now let the problem be complicated by the presence of a normal 
oxygen environment and by the continuous, irreversible flow of 
oxidation processes consequent uponit. If there be some reversi- 
ble redox system in the tissues, what conditions are essential to 
constancy of ratio of oxidized to reduced component of that 
particular redox system describable in terms of potential? A dy- 
namic process at a constant level will be existent only when there 
is a constant ratio of reducible substances (say activated oxygen) 
furnished from latent sources (say air) to oxidizable substances 
(such as active glucose) from latent sources (such as glycogen). 
In so far as reaction velocities are involved in establishment of 
the constant level of which we speak, it is not necessarily true 
that any reversible redox system—natural or artificially added— 
would be kept at the same level of potential. There is, then, in 
the presence of oxygen, an important divergence from a tissue or 
a system at equilibrium. 

For sake of greater clarity let us make a system of the kind we 
consider and let us examine its behavior. We add a definite 
amount of methylene blue to a measured quantity of tissue ex- 
tract and maintain a constant oxygen pressure. We find in time 
that the dyestuff is partially reduced; a methylene blue-methylene 
white system has been established with its components in definite 
ratio. If we vary any of our quantities—dye, tissue extract, or 
oxygen—we can create a new methylene blue-methylene white 
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ratio. When the oxygen pressure is that of air, for instance, the 
methylene blue is present in a practically completely oxidized 
state; when the oxygen pressure is very low (as in an anaerobic 
Thunberg experiment) the methylene blue system is completely 
reduced; and there must be a range of intermediary oxygen pres- 
sures at which a definite ratio of methylene blue and methylene 
white will be established characteristic for the particular pressure. 
This is equivalent to the statement that by changing the oxygen 
pressure we can create a new potential of the methylene blue 
system. 

In complete absence of oxygen the final condition may be 
considered a true equilibrium. In this case we may expect the 
potential as indicated by the added reversible dyestuff system to 
be independent of the particular chemical nature of the dye, pro- 
vided the concentration of the dye is low enough to work only as 
an indicator and not to poise the system. In such a case, there- 
fore, it is legitimate to speak of a definite reduction potential of 
the system as a whole. 

When a definite oxygen pressure is maintained, however, no 
true equilibrium of the whole system will be reached but at best 
the methylene blue system will be kept in a constant condition. 
Reduction velocities are involved in establishment of the level of 
this condition, e.g. the velocity with which reduced dye is oxidized 
by molecular oxygen, and it is not necessarily true, as has been 
said, that different indicators be at the same potential. Nor is it 
necessarily true that the system as a whole have a definite po- 
tential; if there be more than one redox system present in tissue, 
each may have its individual potential. 

Our problem of the moment, then, is to discover under natural 
conditions a substance or substances among the constituents of 
the tissue liquids which behave as the artificially added methylene 
blue, and which account for those biological reduction potentials, 
measurable at indifferent electrodes, of which we have spoken. 
A few systems corresponding to methylene blue have been de- 
scribed in tissues. Such, according to Cannan (1926, 1927), is 
the .echinochrome of Arbacia eggs and the hermidin of Mer- 
curialis perennis. The cytochrome described by Keilin (1925) 
and found widely distributed in mammalian tissues and in yeast, 
is as yet too little understood for certainty of its relationship to 
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tissue potentials. Biological systems demonstrated to behave 
like methylene blue are thus seen to be much restricted in their 
distribution and so of limited moment in the problem we have set 
ourselves. There is, however, a certain group of substances 
found ubiquitously in animals which are related to the methylene 
blue system in a peculiar way not yet fully understood and appre- 
ciated and which are moreover highly responsible for the potentials 
of noble metal electrodes dipping into tissue liquid. These sub- 
stances are the sulfhydryl bodies. The most accessible representa- 
tive of them is cysteine, and the one probably most responsible 
for the behavior of tissue is the glutathione of Hopkins. This 
substance was previously considered by the discoverer himself as 
reversibly oxidizable and reducible, and in this respect equivalent 
to the methylene blue system. This idea, however, was modified 
by further investigations from Hopkins’ laboratory as is told 
below. 

The fact that cysteine (and reduced glutathione and sulfhydryl 
substances in general) can exhibit a strong reducing power led to 
an investigation of its potential at a noble electrode. Dixon and 
Quastel (1923) first attacked this problem; they observed a strong 
negative potential at an inert electrode dipping into a solution of 
cysteine or glutathione. Quantitative measurements led to the 
following formula in which RSH stands for cysteine (or reduced 
glutathione) : 


. 


RT RT 
E = Ey — — In [RSH] + => In [H*] 


The potential EF was measured at electrodes of solid gold; only 
such electrodes gave well defined values according to these authors. 
Platinum and gold-plated platinum gave inconsistent, drifting 
potentials. The massive gold electrode, too, failed of complete 
satisfaction. The constant Eo, and this should be emphasized 
even more than was done by Dixon and Quastel, was a constant 
only during a single titration experiment in the course of which 
either pH or cysteine concentration was varied. FE, varied for 
different gold electrodes and moreover was variable without 
recognizable cause for the same electrode in different experiments 
to an extent of often as much as 60 millivolts. 

Beyond the rather unusual difficulties encountered in measuring 
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the potential, it is both remarkable and interesting to note that 
the formula is without reference to cysteine’s oxidation product, 
cystine, which may be symbolized by RSSR. The potential, 
accordingly, of cysteine (and of reduced glutathione as well) is 
independent of the presence or absence of its oxidation product. 
Cysteine can be prepared readily from cystine by reduction and 
cystine from cysteine by a simple oxidation; still they do not 
constitute a simple reversible redox system. Dixon and Quastel, 
therefore, justly considered the behavior of these substances as 
very unusual and in consequence assigned them to a new type of 
reduction-oxidation system. 

The attempts of these authors to explain this behavior do not 
appear to be wholly successful. They first resort to the plausible 
hypothesis that there exists a primary oxidation product of cyst- 
eine (from which cystine arises only through a secondary irreversi- 
ble process); they then proceed to the unlikely supposition that 
this primary oxidation product is always present in invariable 
concentration. This view-point, equivalent to considering the 
solution at all times saturated with the primary oxidation product, 
appears to have been abandoned by the authors themselves in a 
later communication. 

This second paper by Dixon (1927) attempts to interpret the 
potentials from the standpoint of Wieland’s theory of hydrogen 
acceptors. Wieland has shown that palladium black, placed 
into solutions of many different reductants, becomes charged with 
hydrogen; the claim is made that cysteine is able to charge the 
metal electrode with hydrogen but that cystine is not able to 
withdraw hydrogen from the hydrogen-charged metal. The 
process of charging the metal with hydrogen, in consequence, must 
be considered irreversible; the counterbalancing effect of with- 
drawal, evident in all reversible redox systems, is missing here. 
The hydrogen charge of the metal, however, is limited by diffusion 
of the gas out of the metal into the surrounding solution. Equilib- 
rium of metal and hydrogen is reached when the rate of diffusion 
of hydrogen into the solution from the metal exactly balances the 
rate of supply of hydrogen for the metal by cysteine. The poten- 
tial obtained is a hydrogen potential; the electrode works as a 
hydrogen electrode of a definite gas pressure for each particular 
environment. 
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This is the essence of Dixon’s second attempt to explain the 
unique behavior of the cysteine potential. He went a step further 
and put his explanation to further test. The rate at which metals 
can be charged with hydrogen and the rate at which they will 
release the gas into the surrounding medium may well vary with 
the nature of the metal; the final potential, therefore, may be 
made to change by changing the metal electrode. Dixon found, 
indeed, that mercury gives a potential some 200 millivolts more 
negative than gold in the same cysteine solution; his ideas received 
still more support on consideration of the fact that mercury is 
capable of a much higher hydrogen overvoltage on cathodic polari- 
zation than gold. We shal! show that these latter arguments of 
Dixon are faced with serious objection. 

Another investigation of the cysteine potential has been made 
by Kendall and Nord (1926). We have not concerned ourselves 
with detailed study of the potential established in the presence 
of indigo carmine after treatment with oxygen or hydrogen perox- 
ide; we shall not present, therefore, a critique of their theoretical 
treatment of this part of the subject. Suffice it to mention that 
Kendall and Nord confirmed, in an entirely qualitative way, the 
observations of Dixon and Quastel that cysteine does give a reduc- 
tion potential when present alone in pure buffer solutions and 
that this potential is independent of the concentration of cystine. 
Kendall and Nord add no explanation of these observations to 
those already given by Dixon and Quastel. 

It is quite unnecessary to emphasize the importance of com- 
plete understanding of the cysteine potential, to point out that 
it may well be correlated with the fundamental problems of tissue 
respiration. We could not be entirely satisfied with the results 
of Dixon and Quastel for their measurements suffered from failure 
of good reproducibility and their considerations, in consequence, 
were focused upon the findings of single titration experiments. 
Comparison and analysis of experiments independently performed 
were rendered difficult and uncertain. We sought, therefore, 
that method of procedure which brought with it exact reproduc- 
tion of results, which gave us means of measurement capable of 
complete control. Such a method must be considered of first 
importance for an exact understanding of the problem at hand; 
it may be of service, we hope, in investigation of many closely 
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allied biochemical questions. We present in the following pages 
the development of such a method and the observations and 
considerations growing out of the experiments necessary to its 
establishment. 


Technique. 


It ensues from the considerations above that control of oxygen 
in systems to be investigated is of greatest importance. With 
many reversible systems a slight amount of this gas is often with- 
out effect on the electrode potential; this is particularly true of 
potentials in positive ranges such as those of quinone-hydroquin- 
one, or ferric-ferrous ions, or ferrocyanide-ferricyanide ions. In 
other reversible systems, such as dyestuffs, lying in the negative 
range of potentials, oxygen is of much greater significance. Here, 
however, the reductant is usually enormously avid for molecular 
oxygen; the potential measured in presence of a trace of the gas 
suffers only from change of ratio of reduced to oxidized component 
consequent upon: oxygen combination. This change may be in- 
significant when a fairly well purified nitrogen atmosphere is 
supplied, and the redox system is sufficiently poised to undergo 
no appreciable change of ratio of oxidant to reductant by consump- 
tion of the oxygen impurity. In solutions of substances like 
cysteine, however, even the slightest traces of oxygen have a 
great effect upon the potential. The reduction potentials of 
such solutions are always diminished, sometimes enormously, by 
presence of extremely small quantities of the gas. Spontaneous 
consumption of traces of oxygen cannot be relied upon in these 
cases. Cysteine even in presence of iron consumes oxygen with 
reasonable speed only over a limited range of pH; moreover, even 
at the optimum pH it appears to fail to remove the last traces of 
the gas. 

The most important goal of the technique was, therefore, to 
remove oxygen as completely as possible from the cysteine 
system. This involved simply a supply of carefully purified 
nitrogen to a carefully sealed apparatus. Nitrogen, usually con- 
taining about 0.08 per cent oxygen,' from a commercial tank was 
slowly led through NaOH and then through a Pyrex glass tube 


1 Repeated analyses gave this value. It is lower for this nitrogen tank 
than that reported by other investigators. 
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60 ec. long tightly packed with short pieces of copper oxide wire. 
The copper oxide was previously reduced by hydrogen; this pro- 
cedure was frequently repeated during the course of the experi- 
ments. The tube was maintained in an electric furnace at a 
temperature of 550-600°. Leads from the combustion tube to 
the electrode vessel were of copper tubing; connections between 
meta! and metal were soldered; connections between metal and 
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Fig. 1. One of the types of electrode vessels used. Copper tubing at- 
tached to gas inlet as in Fig. 2. The upper glass cylinder filled with mer- 
cury is held in place by means of solid paraffin. 


glass were sealed with De Khotinsky cement. The end of the 
copper tube was connected to the gas inlet of the electrode vessel 
by a mercury-sealed arrangement such as is shown in Fig. 1 or, in 
more detail, in Fig. 2. This is the only place where rubber was 
permitted on the electrode side of the furnace; here it was amply 
protected by mercury. 

The purity of the nitrogen prepared and delivered in this way 
was occasionally tested with alkaline pyrogallol in the apparatus 
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Fig. 2. Apparatus for testing the purity of nitrogen. Nitrogen is led 
through copper tubing (1) attached by means of short rubber tubing (2) 
to glass tubing (3); the rubber tubing is protected from air by a glass cup 
filled with mercury. Gas is then led via glass tube (8) through vessel (4), 
containing 10 per cent NaOH, after proper positions have been given 
stop-cock (11) and mercury valve (6). After NaOH is saturated with nitro- 
gen, the gas is led via (8) into vessel (5) containing a pyrogallol solution 
acidified with a little acetic acid. Then with stop-cocks and mercury 
valves (6, 7) properly set, nitrogen is led over glass tube (9), and the liquid 
of (4) is pressed into (5) for mixing. Ina similar way, the liquid is forced 
into vessel (4); after thorough mixing it is divided equally between (4) and 
(5). Vessel (5) is then permanently sealed by the 3-way stop-cock (11) and 
mercury valve (7) and gas is led via (8) through (4) to the outlet (6). Before 
the experiment is performed it is advisable to place a drop of dilute H.SO, 
above stop-cock (11); this prevents premature appearance of color in case 
pyrogallol and alkali are mixed in spaces of the stop-cock. 

Any trace of oxygen in nitrogen is shown by difference in color of (4) 
and (5) after some minutes of bubbling. 
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sketched in Fig. 2. This apparatus permitted washing out of 
oxygen by nitrogen from solutions of acidified pyrogallol and 
NaOH before mixture of the two; permitted mixture under a 
nitrogen atmosphere; and provided a standard of comparison for 
the color changes to be looked for. An hour of vigorous bubbling 
with purified nitrogen failed to produce detectable color change in 
the alkaline pyrogallol; 5 minutes slow bubbling with 1 part of 
oxygen to 40,000 of nitrogen brought an appreciable color differ- 
ence. 

Electrode vessels of various forms were used. That of Fig. 1 
was both convenient and trustworthy. All leads were sealed 
with mercury.” 

A calomel electrode in 4 m KCI was used as leading off electrode. 
It was frequently standardized against a hydrogen electrode in 
standard acetate buffer, the pH of which was taken equal to 4.62 
in the temperature range between 18-38°. 

All measurements were made in a large air thermostat with 
electrically controlled thermoregulator and a strong airfan. Most 
measurements were at 38°. 

Potentials were read with nitrogen bubbling slowly through the 
electrode vessel. This precaution helps guard against accumula- 
tion of oxygen from the one unavoidable source of diffusion, the 
agar bridge connecting the electrode vessel to the calomel elec- 
trode. Moreover the nitrogen was bubbled at a definite rate. 
The amount of agitation of the cysteine solution is of great im- 
portance in measurement of potentials under known oxygen 
pressures; though insignificant in its effect in a pure nitrogen 
atmosphere, this safeguard was taken in the interest of complete 
control of experimental conditions. 

In order to regulate the amount of agitation, it was first of all 
necessary to provide means of measuring and controlling the 
nitrogen flow. This was accomplished by use of a calibrated 
flowmeter of a type shown in Fig. 3 (one line of level difference in 
the arbitrary scale meant a flow of 1.56 cc. of Nz per minute; the 
ratio of level difference and flow was constant over the employed 
range). Other obvious experimental conditions were then made 
such as to insure reasonable regularity in bubble size from experi- 


2 We are indebted to Mrs. Max Oates for the drawings in this com- 
munication. 
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ment to experiment. The absolute flow as indicated by the flow- 
meter could, therefore, be taken as a measure of the amount of 
agitation of the liquid. 

A special series of experiments necessitated control of oxygen 
pressure. This was effected by a second flowmeter; oxygen either 
from an air tank or from a tank of analyzed, unpurified nitrogen, 
passed through it and so was measured, then, mixed with a 
measured quantity of purified nitrogen, was introduced into the 
copper tubing leading to the electrode vessel. In this way it was 
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Fig. 3. Scheme of the gas leads. 











possible to vary the ratio of oxygen to nitrogen from 1:40,000 to 
that of air. The device was entirely satisfactory from point of 
view of facility of operation and constancy of the gas pressures it 
supplied. 

A tank of hydrogen was permanently joined by way of a 3-way 
stop-cock to the copper tubing entering the combustion chamber. 
This gas, freed of CO: by NaOH, was, when occasionally needed, 
passed through the oven at a temperature of 550-600° to rid it of 
oxygen. 
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The cystine used was the commercial preparation of the East- 
man Kodak Company. Cysteine hydrochloride was prepared 
from it by reduction with tin and HCl according to Baumann 
(1883-84) ; the final purification was made with acetone as sug- 
gested by Warburg. 

The preparation was found to contain the theoretical amount 
of HCl by titration with NaOH, methyl orange being used as 
indicator. It also consumed the theoretical amount of iodine 
when, following Warburg (1927), titration was conducted in solu- 
tions of 95 per cent alcohol. 

The potentiometry itself required no notable deviation from 
the standard methods. A Leeds and Northrup potentiometer 
type L and a galvanometer with telescope reading were used. 

We are indebted to Dr. W. M. Clark for many personal sugges- 
tions used in development of the applied technique for purifica- 
tion of nitrogen. 


Cysteine Potential at Blank Platinum Electrodes. 


A long time is required for the establishment of the final, 
definite potential of a cysteine solution at a bright platinum elec- 
trode. A rather negative potential is established even in the 
presence of air; when the air is bubbled out with nitrogen, how- 
ever, the potential becomes more and more negative. This shift 
is quite rapid in the beginning, then becomes progressively slower, 
and finally so slow that after the apparent end of an experiment 
1 or 2 more hours are necessary for certainty that the final value 
has been reached. This is true both for temperatures of 22° and 
38°. Itis, therefore, necessary to make observations over a period 
of from 4 to 6 hours, depending on the electrode, before one is 
justified in calling a potential reading the ultimate one. 

There are apparently two reasons for this slow establishment of 
the potential. As is to be shown in detail later on, the blank 
platinum electrode is extremely sensitive to even the smallest 
traces of oxygen; oxygen must, in consequence, be completely 
driven out of the solution. In agreement with this, if, after reach- 
ing the final potential, a trace of air was led into the electrode 
vessel, the potential was immediately shifted to the positive side. 
When bubbling with nitrogen was resumed, reestablishment of the 
end value took much less time than at the beginning of the experi- 
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ment; in fact, just about that time necessary for expulsion of the 
oxygen. This observation suggested that a change in the elec- 
trode itself is involved in the initial establishment of the potential. 
Recourse was had to the well known ideas concerning oxides or 
suboxides on the metal surface. From this point of view, the 
ultimate potential must await not only complete displacement 
of oxygen from solution but complete reduction of the surface 
layer of the metal as well. At the beginning of an experiment, 
the metal strips are all coated with oxides; it takes a long time 
for their complete reduction, and longer for the reduction of one 
strip than for another, for it is unlikely that the state of oxidation 
is identical for different samples. After complete reduction and 
establishment of the final potential, momentary introduction ofa 
trace of air to shift the potential to the positive side produces little 
or no oxidation of the metal; the potential is quickly reestablished 
in consequence by bubbling with nitrogen. 

Another experiment can be devised to demonstrate that the 
metal surface undergoes change on contact with the cysteine solu- 
tion and reaches a stable state only after a long time. Two plati- 
num electrodes were placed in the same vessel; one was immersed 
in, the other was left out of the solution. Oxygen was then 
bubbled out of solution with nitrogen and the bubbling continued 
until the immersed electrode reached its end value. The dry 
electrode was then pushed into the liquid; its potential was 100 
to 200 millivolts positive to that of the first electrode, which re- 
mained unchanged during the manipulation. The positive po- 
tential changed after much time to the negative value established 
at the electrode which had been in solution from the beginning of 
the experiment. Several experiments verified these observations. 
It is certain, therefore, that contact of the electrode with the 
cysteine solution, freed of oxygen, induces a change necessary to 
the establishment of the final potential; this change, we repeat, 
very probably involves reduction of metastable oxides or suboxides 
of the platinum surface. 

If the precautions growing out of the foregoing considerations 
were exercised, it was possible to reproduce at all platinum elec- 
trodes the potentials of definitive cysteine solutions to within 5 
millivolts. Certain electrodes, of course, became unsatisfactory 
with time; this may have been due to minute cracks in the glass, 
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Potential observed at 38°, in volts. 
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TABLE I. 


Potential of hydrogen electrode 


in standard acetate pH 4.62 and 1 atmosphere of hydrogen pressure taken 
equal to zero. 








| 





| | Potential 
pH ae) a. | Getaplated | Mercury. | Solid gold. eon 
| + 0.284. 
1.15 M/3100 +0.420 +0. 426 
2.04 m/100 +0.277" 
+0.278° +0.280 
+0.273** 
+0.273*s 
2.13 m/100 +0.272 +0.276 
4.50 mM/100 | +0.141° +0.145 +0.137° 
+0.141* +0.137° +0.131 
7.25 M/100 | —0.038* —0.031" | —0.039s 
—0.037* | —0.035* | —0.040° 
—0.038** | —0.030** — 0.036 
—0.038** | —0.032** 
8.8+0.1 | m/100 | —0.132° 
—0.132 
—0.134 —0.135 —0.137 —0.130 
9.5 m/2000 —0.081* 
—0.079* —0.098 
12.46 m/100 —0.223 —0.363 
4.62 M/3600 +0.213* +0.219 
+0.213* 
4.62 m/3000 | +0.218* 
+0.218* 
+0.218* +0.215 
+0.217* 
4.62 m/1000 | +0.187* 
+0.184* 
+0.185* 
+0.189** +0. 183 
+0.189** 
7.30 m/1000 +0.041 +0 .035 
4.62 m/900 - | +0.182 
+0.181 +0.182 
4.60 M/300 | +0.158* +0.152* 
+0.157* +0.153 
+0.156** +0.153* 
+0.156** 
+0.155*** 
+0.155*** 
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TABLE I—Concluded. 
































Potential 
pH Coupee w. yn my Mercury. Solid gold. ‘on basis 
+ 0.284. 
4.53 M/100 | +0.142* +0.137° +0 .299° 
+0.141° +0.137* +0.271° 
+0.141° +0.130** | +0.289** | +0.128 
+0.141* 
+0.140*s +0.131** | +0.317** 
+0.141** +0.305*** 
+0.142**s +0 .080*** 
+0.139**s 
3.40 m/10 +0.141° 
+0.143* +0.136 
4.46 M/6500 +0.230* +0.224 
4.76 m/3000 +0.205*! +0.205 
4.76 m/1390 +0.187*! +0.185 
4.76 M/1355 +0.179*? +0.182 
4.76 m/720 +0.170*! +0.168 
4.76 m/702 +0.165*? +0.167 
4.76 M/360 +0.153*1 
+0.149*? +0.149 
4.76 M/244 +0.146*! +0.140 
4.76 M/239 +0.139*? +0.137 





Values marked (s) are from experiments in which electrodes were in 
same vessel and so under exactly the same experimental conditions. Values 
marked (*s), from repetition of these experiments; those marked (**s) 
are from a third similar series. Values marked (+1) were obtained in one 
titration experiment; those marked (+2) came from another. 


leading to establishment of secondary circuits or to other causes 
still unknown. Electrodes of irregular behavior, however, were 
not met with more often than in ordinary cases, e.g. in quinhy- 
drone electrodes; moreover the faulty electrode was easily recog- 
nized from its behavior toward quinhydrone, and discarded. 
Reproducibility, in fact, was nearly as good as in any well estab- 
lished redox system. We worked for a long time with an electrode 
vessel containing six single platinum electrodes. One of these 
always showed a slight irregularity even in quinhydrone; the other 
five, which behaved regularly towards quinhydrone, all gave the 
same potential for cysteine though, as has been pointed out above, 
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Fig. 4. Variation of potential with variation of concentration of cysteine. 


a 
The line drawn is that fixed by formula: E = + 0.284 — “" log [RSH] + 


RT : 
- log [H*]. A = values from individual experiments with blank plati- 


num electrodes. © = values from individual experiments with mercury 
electrodes. +1, +2 = values from titration experiments with mercury 
electrodes. pH 4.62, temperature 38°. Potential of hydrogen electrode in 
standard acetate pH 4.62 and 1 atmosphere of hydrogen pressure taken 
equal to zero. To obtain values referred to normal hydrogen electrode 
subtract 285 millivolts. Each point is defined by an experiment. 
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different lengths of time were necessary for attainment of the 
final potential with different electrodes. 

A. Variation of Potential with Variation in Cysteine Concen- 
tration.—The results in Table I and Fig. 4 show that at the pH 
4.6 the potential is a logarithmic function of the concentration of 
cysteine. Within a rather large range of concentration, from 0.1 
to 0.0002 m, an increase of the concentration by 10 times makes 
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Rate of bubbling. 


Fic. 6. Variation in potential with variation in rate of bubbling. Nitro- 
gen atmosphere with 0.08 per cent oxygen; temperature 38°. © = values for 
0.02 m cysteine at pH 4.5. @ = values for 0.0002 m cysteine at pH 4.6. The 
left-hand ordinate scale holds for ©, the right-hand ordinate scale for ®. 


the potential at 38° more negative by 0.061 volt. All the results 
were obtained by individual experiments for each concentration, 
not by titration. 

B. Influence of pH.—Table I and Fig. 5 show that within the 
limits of reproducibility described before, the potential depends 
in a logarithmic way on the hydrogen ion concentration. Each 
change of a unit of pH at 38° produces a change of 0.061 volt. 
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This was observed over a range of pH from 1.2 to 9.4. The pH 
of the solution in toto was directly measured in each experiment. 
Hydrogen electrode values with freshly platinized platinum elec- 
trodes were checked by the Sérensen method with Clark indicators 
and by the method of Michaelis and Gyemant with the nitro- 
phenol series. 

C. Influence of Oxygen Tension.—The behavior of the cysteine 
potential in presence of oxygen shows three striking characteristics. 
(1) The presence of oxygen makes the potential more positive; 
there is an increase in positiveness with increase in oxygen tension. 
(2) The establishment of a definite potential in presence of oxygen 
requires much less time than with purified nitrogen. (3) In the 
presence of a small amount of oxygen, the potential depends to a 
remarkable degree on the speed of gas bubbling through the solu- 
tion or on the amount of stirring or shaking of the solution. This 
is especially the case for mixtures of nitrogen with very small 
amounts of oxygen (over the range of 1 part of oxygen to 40,000 
of nitrogen, to 1 part of oxygen to 100 parts of nitrogen), whereas 
this shaking effect is little noticed in high oxygen tensions, such 
as that of air, and is insignificant in purified nitrogen. 

The influence of variation in rate of bubbling is shown in Fig. 6. 
In these experiments the solution was saturated with gas from a 
tank of unpurified nitrogen; the ratio of oxygen to nitrogen was 
1:1250. A difference of 70 millivolts was produced by variation 
in rate of bubbling. There was a maximum of negativity of the 
potential at a rather slow rate of bubbling; an extremely sharp 
decrease of negativity with further decrease in rate of bubbling; 
a much slower decrease, tending to an asymptotic value, with in- 
crease in the bubbling rate. 

The effect of variation of oxygen pressure is shown in Fig. 7 
and Table II. Such an experiment to be performed rigidly must 
take account of the agitation of the solution. This condition was 
not strictly controlled; it was regulated quite nicely, however; 
certainly closely enough to interfere in no important way with 
the results. The curve is selfexplanatory; even the slightest 
trace of oxygen pushed the potential to the positive side. An 
amount of oxygen amounting to 0.003 volumes per cent caused a 
decrease in negativity of 15 millivolts. The oxygen content of 
the solution is thus seen to be of enormous importance in deter- 
mination of the potential. 
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D. Influence of Hydrogen on Potential.—There is an increase in 
negativity of the potential if the solution is bubbled with pure 
hydrogen after establishment of the final potential in presence of 
nitrogen. The value of this potential is always more positive 
than the hydrogen potential with platinized platinum; with 
practically all blank electrodes it is some 200 millivolts more 
positive. One receives the impression that bright platinum has 


TABLE II (Data of Fig. 7). 
Variation of Potential of Platinum Electrode with Variation of 
Oxygen Tension. 
0.0002 m cysteine at pH 4.62; temperature 38°. Potential of hydrogen 
electrode in standard acetate pH 4.62 and 1 atmosphere of hydrogen pres- 
sure taken equal to zero. 








Vol. per cent of O: added to purified Ne. Potential. 
volts 

0.000 +0.190 

0.003 +0.205 

0.1 +0.250 

0.6 +0.308 

1.0 +0.330 

+0.328 

6.5 +0.370 

+0.374 

20.0 +0.425 

+0.430 

1.0 +0.325 

+0 .332 

0.5 +0.302 

0.01 +0.235 

0.02 +0.240 

0.004 +0.210 

0.000 +0.188 








the tendency to work as a true hydrogen electrode; 7.¢., that it 
attempts establishment of thermodynamic equilibrium between 
hydrogen gas and hydrogen ions but that the velocity of this proc- 
ess is very slow and the process itself incomplete. The relatively 
slight effect of hydrogen can be entirely dissipated by renewed 
bubbling with nitrogen. The presence of cysteine, then, in a 
buffer solution in no way alters the typical behavior of blank plati- 
num as a hydrogen electrode in pure buffer solutions. 
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E. Effect of Polarization Every care must be taken to avoid 
polarization in reading the potentials; even weak polarization 
brings about a change of some tenths or a whole of 1 millivolt. 
The displaced potential, however, rapidly returns to its normal 
value. This holds not only for the final value which is reached 
after hours of bubbling but in addition for those measurements 
taken during the course of the drift. The drift, it is to be re- 
called, is quite gradual; the potential returns so promptly and 
completely from momentary polarization that the disturbance 
alters its course in no appreciable way. 

If the final, definite potential be forced up or down by say 200 
millivolts on extended polarization, it returns spontaneously and 
exactly to its original value after polarization; this is an important 
fact for understanding the significance of the final potential. The 
velocity at which the potential returns varies greatly with the 
direction of polarization. After cathodic polarization, there isa 
rapid return to the true potential; after anodic polarization, the 
shift is slow and drifting. 

These observations indicate that the cysteine potential is that 
of a system at equilibrium. Its full significance is lost, how- 
ever, in our ignorance of the mechanism of establishment of the 
potential; their explanation must, in consequence, be postponed. 


Cysteine Potential at Gold Electrodes. 


The detailed description just given of the behavior of blank 
platinum electrodes fits quite well observations made with gold- 
plated platinum. There are only two differences: gold responds 
even less to hydrogen than does platinum and reaches its final 
potential even more slowly. The ultimate value of the cysteine 
potential in pure nitrogen is, within the limits of reproducibility, 
the same in the two sets of electrodes. Individual differences in 
the behavior of various gold-plated electrodes appear only in 
variation of the time necessary for establishment of the definite 
potential. 

The behavior of electrodes of pure, solid gold is very different. 
A constant, final potential is more quickly established than in 
blank platinum or gold-plated platinum. There is even less 
variation in the potential with change in atmosphere from nitrogen 
to hydrogen than in the gold-plated electrode. The major differ- 
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ence, however, and the difficulty which presents itself in the case 
of solid gold strips, is that the end potential is altogether different 
for each gold electrode and never so negative as in the other elec- 
trodes. 

The electrodes behave as though their surfaces contain oxygen 
compounds scarcely reducible by cysteine. The potential, follow- 
ing this view, corresponds to that of a platinum electrode incom- 
pletely reduced. Different gold strips are oxidized to different 
degrees; to each degree of oxidation there is correlated a definite 
potential. This peculiarity in the case of a particular electrode 
does not exclude a variation in potential with change in cysteine 
concentration and change in pH according to the formula of Dixon 
and Quastel. It does, however, make acceptance of the potential 
as an intrinsic property of the solution itself impossible and for 
this important reason we have discarded solid gold electrodes for 
measurement of the cysteine potential. 


Cysteine Potential at Mercury Electrodes. 


A resting surface of pure mercury was used as electrode; there 
was no call for a device permitting renewal of the surface. The 
essential result is that the final potential agrees nicely with that 
at blank platinum or gold-plated platinum. There are definite 
differences in behavior, however. The end potential at mercury 
is much more quickly established than at other electrodes; the 
electrode is far less sensitive to oxygen; the potential is unaffected 
to a detectable degree by a change from nitrogen to hydrogen. 

The rapidity with which the ultimate potential is reached at 
mercury is quite surprising (see Fig. 8). Even in air the potential 
is much more negative than at platinum; the negativity very 
rapidly increases when the air is bubbled out with nitrogen and 
comes to within some 10 millivolts of its ultimate value in 15 
minutes or so. The last few millivolts appear quite slowly, 
requiring a half to a whole hour, sometimes longer. All in all, 
however, the mercury electrode yields the final potential so much 
more quickly than platinum that the equivalent of a week’s work 
with the latter can be done in a day with the former. 

The effect of oxygen on a mercury electrode is similar to that 
on a platinum electrode in so far as the gas always renders the 
potential positive to that in purified nitrogen or hydrogen. The 
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magnitude of the influence, however, is much smaller. A change 
from a purified nitrogen atmosphere to an atmosphere containing 
0.45 volume per cent of oxygen made the potential more positive 
by 12 millivolts in a 0.0002 m solution of cysteine, and more posi- 
tive by 15 millivolts in a 0.01 m solution at pH 4.6 in standard 
acetate and at 38°. Rate of bubbling at low oxygen pressures is 
of much less consequence than in the case of platinum. It becomes 
very conspicuous, however, in oxygen pressures of the order of 
that of air. When, for example, a 0.0002 m cysteine solution at 
pH 4.6 was saturated with air, its potential at mercury was 180 
millivolts more positive at rest than on moderate bubbling. In- 
terpretation of this observation is not difficult; in presence of 
oxygen, traces of mercury go into solution as Hg* ions; a stationary 
condition is established when the rate at which Hg* ions are 
furnished into the solution is compensated by the rate at which 
they are reduced by cysteine. On bubbling, the Hg* ions are 
distributed throughout the entire liquid. At rest, they accumu- 
late at the mercury surface. This explanation seems sufficient 
to account for the influence of bubbling on the potential at the 
mercury electrode in presence of oxygen. More detailed study of 
the phenomenon is thought beyond the scope of the immediate 
investigation. 

The variation of the potential with concentration of cysteine 
and pH is to be seen in Table I and in Figs. 4 and 5. It is to be 
noted in accordance with an observation of Dixon and Quastel, 
that there is a deviation from the calculated potential at high pH. 
In our experiments this is first seen at a pH of 9.5; it is striking at 
pH 12.4. This deviation is apparently related to dissociation at 
the SH- group; its full discussion is reserved for a later communi- 
cation. The quick establishment of the potential at mercury 
permitted titration experiments in which the concentration of 
cysteine was varied by addition to the electrode vessel from a 
pipette. The results of these titrations are to be seen in Table I 
and in Fig. 4 where the values are noted by +: and +2. The 
two titration experiments noted agree not only with each other 
but also with experiments singly performed at mercury and blank 
platinum. 
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Cysteine Potential at Platinized Platinum Electrodes. 


The drift to the end potential at the platinized platinum elec- 
trode is even slower than at the bright metal; after as long as 
8 or 9 hours one is not certain that the measured potential is the 
ultimate one. An effort was made to check that value got on 
bubbling out air with nitrogen by establishing a hydrogen potential 
and then bubbling out the hydrogen with nitrogen. If the poten- 
tial considered final be truely final, there should be no discrepancy 
between the value in a nitrogen atmosphere, be it derived from 
the air or from the hydrogen side. The minimal difference be- 
tween the two values in six sets of experiments was 3 millivolts; 
the maximal, 25 millivolts; the mean, 12 millivolts. 

Beyond these differences, evident after most painstaking pre- 
caution in experimental detail, many platinized electrodes in the 
same vessel and so under exactly equivalent conditions show 
potentials which vary widely. Little exact, in consequence, can 
be expected from the results; we discarded the platinized electrode 
after much unsuccessful labor to control it for the same reasons 
which led to abandonment of solid gold. Our thought that the 
black electrode might serve better to measure the reduction po- 
tential of cysteine than it does to measure the redox potential of 
systems such as quinhydrone is, therefore, without foundation. 


Influence of Cystine on Potential. 


Dixon and Quastel, working with solid gold electrodes, have 
stated that the oxidation product of cysteine, cystine, is without 
effect on the cysteine potential. Our results wholly confirm this 
finding. We made many attempts to test this statement; we 
present the following experiments as typical examples. 

1. A solution of 0.0002 m cysteine hydrochloride in standard 
acetate buffer pH 4.62 at 38° was placed in the electrode vessel 
containing blank platinum electrodes. At this acid pH, even in 
presence of iron, oxidation of cysteine before complete removal of 
oxygen by nitrogen can be neglected. When the final potential 
was reached, the vessel was opened for a moment; an excess of 
cystine crystals poured in, the vessel was closed, and bubbling 
with nitrogen resumed. On the basis of Sano’s (1926) figures for 
the solubility of cystine at 25° at pH 4.67, the solution is finally 
0.00042 m with respect to cystine; actually cystine’s molarity is 
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greater since the experiment is at 38°. Even on supposition that 
one-quarter of the original cysteine is impurity of cystine, cer- 
tainly a high exaggeration, the concentration of cystine is changed 
10 times by addition of the crystals. The ultimate potential, 
nevertheless, was not affected to a detectable degree by the 
addition of cystine. 

2. Even more convincing is the following experiment in which 
arrangements permitted a much wider variation of concentration 
of cystine. The potential of a 0.0003 m solution of cysteine in 
0.1m HCI was measured at a mercury electrode; then a parallel ex- 
periment made with cysteine of the same concentration (0.0003 m) 
in 0.1 m HCl saturated at 38° with cystine by shaking with a 
great excess of finely ground cystine crystals. The solubility of 
cystine in 0.1 m HCl is, according to Sano, almost exactly 30 times 
greater than in standard acetate and therefore more than 30 times 
greater than the cysteine concentration of the experiment. No 
matter what the impurity of cystine in our cysteine, the concen- 
tration of the former was highly increased; still the potential 
remained within the limits of change brought by pH differences. 

3. An electrode vessel with a mercury electrode was filled with 
borate buffer at pH 9.4. Through the rubber stopper of the 
vessel went a glass rod on the end of which was fused a glass 
spoon. The spoon was filled with 10 mg. of cystine and kept above 
the solution during the first part of the experiment. The buffer 
solution was thoroughly bubbled out with nitrogen; then the vessel 
opened and enough of a 0.02 M solution of cysteine hydrochloride 
added to give a 0.0005 m solution of cysteine. The vessel was 
promptly closed and the potential followed to its final value. 
Cystine was then added by pushing the spoon into the liquid. 
The amino acid readily dissolved but again failed to affect the 
potential. The quantity of cystine used was small enough not to 
alter the pH appreciably but large enough to change the cystine 
concentration to 0.002 m from that very low concentration due to 
impurity in the 0.0005 m solution of cysteine. 


Influence of Iron and of Cyanide on Cysteine Potential. 


It is known in large part from the investigations of Mathews 
and Walker (1909) and Warburg and Sakuma (1923, 1927), 
that heavy metals, especially iron, play a great part in the 
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physiological rdle of cysteine and that cysteine forms a complex 
both with ferric and ferrous iron. The deep violet ferric com- 
plex is unstable and undergoes a rapid change into ferrous 
iron and cystine. It is of no importance, therefore, in estabish- 
ment of the potential. But the ferrous complex of cysteine may 
be of significance. The presence of a trace of iron could not be 
excluded under our experimental conditions and one may be 
inclined to attribute an important function to the metal in accord 
with Warburg’s observations that even slight traces of it permit 
consumption of molecular oxygen by cysteine. 

Ferrous sulfate added to give a concentration of 0.001 m toa 
0.01 m solution of cysteine at pH 4.6 in standard acetate buffer 
was, however, without effect on the potential. The iron content 
of pure cysteine in pure buffer though not zero was negligible 
compared to the iron content of the above solution as shown by 
comparative thiocyanate reaction. Moreover, KCN added to a 
concentration of 0.01 M at pH 7.4 to a solution containing no more 
iron than its accidental traces effected no change in the potential. 
Variation of the iron content of the solution between extremely 
wide limits must, in consequence, be considered without effect on 
the potential established by the free cysteine. Obviously the 
amount of iron is concerned with the velocity of consumption of 
molecular oxygen by cysteine, and, according to 8. Toda (in 
Warburg’s laboratory (1928)), also in the rate of reduction of 
methylene blue by cysteine, but an extreme variation in its con- 
centration has nothing to do with the magnitude of the potential 
established at an electrode in absence of oxygen. 


DISCUSSION. 








A. Physicochemical. 


The potential of the cysteine system, to be in accord with the 
principles of reversible redox systems, should be a function of the 
logarithm of the cysteine concentration and of the logarithm of 
the reciprocal value of the square root of cystine’s concentration. 
A function of these dimensions can be expected even though there 
be intermediary steps in the oxidation of cysteine to cystine. 
Experience shows, however, that the potential is completely in- 
dependent of the concentration of cystine. 
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In our present knowledge we attempt explanation of this fact 
by assuming the process of potential establishment to be irreversi- 
ble. This means that cysteine charges the electrode with hydro- 
gen atoms’ but that cystine fails to withdraw hydrogen atoms from 
the metal. In so far as cysteine’s tendency to charge the metal 
with hydrogen is not counterbalanced by a reverse reaction, the 
potential can be expected to reach an infinitely high negative 
value; or, since the potential in an aqueous solution cannot exceed 
a hydrogen potential (except for an overvoltage which is always 
finite), the potential should be expected to be at least that of a 
hydrogen electrode. This, obviously, is false. 

Dixon, attempting an explanation, assumes that charge of the 
metal with hydrogen by cysteine is counterbalanced by diffusion 
of hydrogemout of the metal into the solution. It is unbelievable, 
however, that atomic hydrogen diffuses into the solution to be 
maintained in this state. If hydrogen does diffuse into the solu- 
tion, it can be present there only in the form of dissolved hydrogen 
molecules. And if blank platinum and mercury, charged with 
hydrogen atoms, have the faculty of developing hydrogen mole- 
cules and so of establishing equilibrium between hydrogen mole- 
cules in solution and hydrogen atoms in the metal, then diffusion 
from the metal should be stopped by saturating the solution with 
hydrogen gas. A cysteine solution bubbled with hydrogen should, 
in consequence, establish a hydrogen potential. Cysteine solu- 
tions at electrode of blank platinum on being bubbled with hydro- 
gen never reach the hydrogen potential; and at mercury there is 
not even a detectable difference in the potential, be the solution 
bubbled with hydrogen or nitrogen. 

A more acceptable explanation in the light of this criticism would 
involve a diffusion of hydrogen atoms from the surface of the 
metal, not into the solution, but into the body of the metal itself. 
The capacity of metals, taking into consideration their entire 
bulk, is high for hydrogen atoms. This explanation, however, 
has to be discarded with the first for a continuous supply of hy- 
drogen atoms to the electrode must result in progressive oxidation 


* It is inconsequential whether we consider electrons from the molecule 
ionized at the SH- group or hydrogen atoms from the undissociated SH- 
group to leave cysteine and charge the electrode. For this reason it may 
suffice to say that cysteine charges the electrode with hydrogen. 
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of the cysteine, progressive diminution of its concentration, and 
a consequent drift of the potential to the positive side. According 
to our experience, however, the cysteine potential even in very 
dilute solutions is constant for as long as 24 hours. Moreover, it 
is highly improbable that the velocity of migration of atoms and 
protons is the same within platinum, gold, and mercury and so 
incompatible with the fact that the potentials at the three metals 
are equivalent. In consideration of these objections, diffusion of 
hydrogen atoms from the surface into the body of the metal 
must be negligible compared to the rate of supply of hydrogen 
atoms by cysteine. 

In experimental support of his theory, Dixon pointed out that 
the magnitude of the cysteine potential depends on the nature of 
the “indifferent” electrode. He found the potential about 200 
millivolts more negative at mercury than at solid gold; this ob- 
servation was in accord with the high hydrogen overvoltage of 
mercury and in agreement with his theory. As our experiinents 
show, however, the magnitude of overvoltage of various metals 
can in no way be correlated with the potentials established at 
them. The two metals, blank platinum and mercury, which are, 
when we disregard platinized platinum, the two limiting members 
of the overvoltage series of metals, give accurately the same poten- 
tial in cysteine solutions and differ only in the speed with which 
the potential is established. It was probably accidental that 
Dixon compared mercury with solid gold; solid gold is, according 
to our experience, an exceptional and unacceptable case. 

The shift of the potential in presence of oxygen and the varia- 
tion in sensitiveness to the gas on the part of different metals can 
be accounted for in the following two ways. All of the noble 
metals have a tendency to behave as oxygen electrodes; that metal 
which is most efficient in dissociating molecular oxygen into atoms 


* We have adopted that theory of cathodic polarization and hydrogen 
overvoltage which states that hydrogen deposited by an electric current 
at the cathode is deposited in the atomic state and is loosely combined with 
the metal atoms. The theory makes the further assumption that trans- 
formation of atomic hydrogen into molecular hydrogen is dependent upon 
catalysis by the metal. Differences in catalytic capacity impart different 
overvoltages to different metals. (A summary of the theories of over- 
voltage is given by Baars, I°., in Handbuch der Physik, Berlin, 1928, xiii.) 
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and of establishing equilibrium between the two will form the 
best oxygen electrode and will be most sensitive for oxygen. It 
is known from wide experience that platinized platinum, though 
far from ideal, is best fitted to these ends; next comes blank plati- 
num, then gold.’ Our experiments with cysteine show a sensi- 
tiveness of the potential to oxygen at these metals of exactly this 
order. The results can also be accounted for in another way, 
basically dependent on those properties of the metals just dis- 
cussed. Oxygen oxidizes the hydrogen sticking in the electrode 
surface. The velocity of this process depends upon the catalytic 
property of the particular metal and therefore upon its capacity 
for oxygen and hydrogen and upon the facility with which it 
disrupts the molecules of gas into atoms. This catalysis is ex- 
tremely poor at mercury. It is higher in blank platinum. In 
platinized platinum it is so great that permanent charge of the 
electrode with that amount of hydrogen corresponding to the re- 
ducing power of cysteine is almost impossible; the hydrogen, as 
it is supplied by cysteine, is eaten away from the electrode even 
by the smallest trace of oxygen. 

In presence of a constant oxygen pressure there is a dynamic 
process at a rather constant level. Conditions, however, are 
somewhat unstable; change of degree of agitation of the liquid 
produces marked differences in potential. In a purified nitrogen 
atmosphere, on the other hand, the whole aspect of the potential 
as judged by constancy and reproducibility of its final definitive 
value, complete recovery from anodic and cathodic polarization, 
freedom from disturbance by changes in agitation, is that of the 
potential of a system in true equilibrium. 

Objection may be made against considering the potential that 
of a true equilibrium rather than that of a dynamic process at a 
constant level in Dixon’s sense. It is impossible to decide whether 


’ Nothing can be said of mercury in this respect. Mercury acts as an 
indifferent electrode only in the presence of strong reducing agents which 
reduce mercurous ions to that level where the potential taken as a mercury 
electrode potential is equal to the potential of the redox system itself, 
mercury being considered as an indifferent electrode. The effect of oxygen 
at a mercury electrode may be accounted for by a production of mercurous 
ions above the level of equilibrium with the redox system or by a consump- 
tion of atomic hydrogen furnished to the electrode by the reductant. 
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the nitrogen used in our experiments was absolutely oxygen-free 
in the most rigid sense. We have shown that in presence of oxygen 
the potential is determined by the partial pressure of this gas. 
One may be inclined to the assumption, in consequence, that the 
anaerobic potential called by us final was really controlled by 
traces of oxygen too slight to be detectable. The following facts 
may refute such an assumption. 

1. It has been shown that the change of potential at platinum 
with change in oxygen pressure is particularly steep in the range 
of the very lowest oxygen pressures. It will be remembered that 
the potentials established in presence of purified nitrogen were 
well reproducible at all times; in order to account for this in the 
light of the objection raised we would be forced to the assumption 
that the quantity of oxygen in our purified nitrogen was always 
the same. It is unreasonable to believe, however, that there was 
always accurately the same trace of oxygen present in purified 
nitrogen. This condition would have necessitated stricter con- 
stancy of temperature of the oven and constancy of the copper 
surface over which the nitrogen was led than was sought in our 
experiments. Moreover, it is unlikely that possible traces of 
oxygen would accompany purified nitrogen and purified hydrogen 
in accurately the same quantity; it will be remembered, however, 
that the potential at mercury was not to be varied by change from 
a nitrogen to a hydrogen atmosphere. 

2. The potential at any definite oxygen pressure is very different 
at platinum than at mercury. We found, however, the same po- 
tential at platinum and at mercury in an atmosphere of purified 
nitrogen. We are forced to the conclusion again that our nitrogen 
contained either no oxygen at all or traces too slight to affect the 
potential in any way. So we feel justified, therefore, in consider- 
ing the cysteine potential as that of a system in true equilibrium 
though we are unable to state that chemical reaction which is 
kept at equilibrium. 

We have indicated that we think Dixon’s theories impossible to 
accept. We are at a loss, however, to offer in substitution a 
comprehensive explanation of the peculiar behavior of cysteine. 
Elucidation of the observations and problems we have spoken of 
must await, therefore, further study and experimentation. 
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B. Physiological. 


We return now to the problem set forth in the introduction: In 
absence of oxygen, are cysteine or other sulfhydryl derivatives 
indicators for what we can call the reduction power of the whole 
tissue system as is the methylene blue-methylene white system? 
In attempting to answer this question we are faced with an en- 
tirely new situation. Cysteine or its derivatives, natural constitu- 
ents of the tissue liquids, certainly determine a definite potential 
in absence of oxygen. But, whereas in a system such'as methylene 
blue the mechanism of potential establishment is clear, the poten- 
tial of the sulfhydryl bodies is inexplicable. We can with good 
reason say, however, that the sulfhydryl bodies are present in 
high enough concentration to poise the tissue and to account for 
the reduction of all indicators by living cells recently demon- 
strated by Cohen, Chambers, and Reznikoff (1928). It is wholly 
likely that they impress their own level of reduction power upon 
those other tissue systems, the state of which can be expressed in 
terms of potentials. 

It should be kept in mind that the sulfhydryl bodies play 
another important réle in the organism dependent upon their 
activation of oxygen in presence of traces of heavy metal salts, 
as has been shown by Warburg. It is too early to build a hy- 
pothesis as to how oxygen activation and potential establishment 
are interwoven. Full explanation must await an understanding 
of the mechanism of the electrode potential. 


SUMMARY. 


A solution of cysteine in absence of oxygen establishes a definite 
potential at an indifferent electrode. This potential is independ- 
ent of the concentration of cystine and depends logarithmically 
on the concentration of cysteine and of hydrogen ions. The 
potential is identical at electrodes of blank platinum, gold-plated 
platinum, and mercury, and reproducible to within 5 millivolts. 
Slight traces of oxygen displace the potential to the positive side. 
Mercury is much less sensitive to oxygen than platinum or gold- 
plated platinum and has the great advantage of yielding final 
values in a relatively short time. The anaerobic potential is 
negative enough to account for reduction of all indicator dyes by 
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cells under anaerobic conditions. The potential 2, referred to 
the normal hydrogen electrode and measured in absence of oxy- 
gen, can be expressed in volts by the formula: 


RT R 


t T 
E = — 0.001 — - In [cysteine] + — In [H*] 


F 


No satisfactory theory can be offered for the mechanism by which 
this sharply fixed potential is established by cysteine which, in 
presence of its oxidation product, cystine, fails to form a truly 
reversible system. 
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FURTHER EVIDENCE OF THE COMPLEX NATURE OF 
VITAMIN B. 


I. EVIDENCE THAT A THIRD FACTOR EXISTS.* 


By CHARLES H. HUNT. 


(From the Department of Animal Industry, Ohio Agricultural Experiment 
Station, Wooster.) 


(Received for publication, July 30, 1928.) 


The vitamin originally known as vitamin B has been definitely 
shown to be made up of at least two separate and distinct vitamins. 
Reference to the literature concerning the dual nature of vitamin 
B has recently been given by Sherman and Axtmayer (1) and in 
a recent article (2) from this laboratory. This laboratory has 
modified a well known method for the purpose of separating these 
vitamins from each other in order that investigations may be 
carried out as to their exact properties. 


Method. 


The method of Seidell (3, 4) has been followed in a general way. 
1600 gm. of fresh dry yeast were suspended in 12 liters of 0.01 per 
cent acetic acid and allowed to autolyze with occasional stirring, 
for 24 hours. The autolyzed material was centrifuged and the 
supernatant liquid poured off. The solids were shaken up twice 
with 0.01 per cent acetic acid and centrifuged, and the washings 
were combined with the original liquid portion. The liquid por- 
tion was then concentrated to 5 or 6 liters before an electric fan 
and then treated with fuller’s earth in the proportion of 100 gm. 
of earth to 1000 cc. of liquid. This was stirred for 4 or 5 hours 
with an electric stirrer and then filtered on a Buchner funnel with 
suction. The earth was washed three times with distilled water. 
The filtrate was treated in the same way the second time and then 


* Published with the permission of the Director of the Ohio Agricultural 
Experiment Station. 
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concentrated before an electric fan to a volume of 1600 ce. This 
fraction as will be shown later contains the vitamin that prevents 
pellagra-like symptoms in rats and which with the other part of 
the vitamin B complex induces growth. This hereafter will be 
designated as the B fraction or antipellagra vitamin (vitamin G). 

The other fraction of the vitamin B complex was removed from 
the moist fuller’s earth by means of a concentrated solution of 
barium hydroxide. The liquid was separated from the earth by 
filtering and washing with suction on a Buchner funnel. The 
filtrate was neutralized immediately with sulfuric acid, litmus 
paper being used as an indicator. The earth was extracted the 
second time and the filtrate neutralized as before. The barium 
sulfate was centrifuged off and the liquid concentrated before an 
electric fan to 1600 cc. This hereafter will be designated as the A 
fraction and contains the vitamin that prevents polyneuritis, 
and which with the B fraction produces growth in rats. It is 
also designated as the antineuritic vitamin, or vitamin F. This 
terminology is in agreement with that of Sherman and Axtmayer 
(1) and is one which seems logical. 

The data reported in this paper include: (1) A study of the 
effect of each of these fractions (vitamins) separately and in com- 
bination on the growth of rats, and (2) A study of the effect of 
each of the separate fractions (vitamins) as supplements to other 
diets. Several check or control groups are included. 


EXPERIMENTAL. 


The rats used as the experimental animals were 24 days old and 
weighed from 40 to 70 gm. when placed on test. They were kept 
individually in screen bottom cages and fed on a basal vitamin B- 
free diet consisting of casein 18; starch 64; salt mixture! 4; Crisco 
10; agar agar 2;and cod liver oil 2. The vitamin preparations were 
fed daily and separately. From an inspection of the growth curves 
(Chart 1) it is seen that the fractions A and B, or vitamins F and 
G (Sherman’s terminology), when fed separately, stimulate slight 
growth, or extend the maintenance period over that of the basal 
diet, but loss in weight soon follows. Those on small amounts, 
0.6 cc. or less, of the B fraction invariably died of polyneuritis. 


1McCollum’s Salt Mixture 185. (McCollum, E. V., and Simmonds 
N., J. Biol. Chem., 1918, xxxiii, 63.) 
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time. When these two fractions are fed in combination (Chart 2) 
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there is continuous growth, but the growth does not compare 
favorably with that produced by an equivalent amount of the 
original yeast (1.0 cc. = 1.0 gm. of yeast). Even 4 ce. daily did 
not give a growth rate that one expects. For example, rats re- 
ceiving 1.0 gm. of yeast daily as the only source of vitamin B 
averaged 235 gm. in weight for the males and 165 gm. for the 
females, at the end of the 8th week. Evidently something was 
lost in the procedure or something was left in the residues. 

In a previous paper (2) it was shown that autoclaved yeast is 
a rich source of antipellagra vitamin, or vitamin G. Since this 
is the case, then when the A fraction, or vitamin F, is fed in con- 
junction with autoclaved yeast there should be good growth. 





CuHartT 2. 


Chart 3 shows this supplementary value of vitamin F as well as 
the fact that vitamin G, as would be expected, does not supple- 
ment the stimulatory value of autoclaved yeast. 

It is now well known that wheat is rich in the antineuritic 
vitamin, vitamin F, and poor in the growth or antipellagra vitamin, 
vitamin G. Such being the case one would expect that by adding 
the B fraction, vitamin G, as in the case of autoclaved yeast, to a 
diet containing 25 per cent of wheat there would be good growth. 
The growth curves in Chart 3 confirm this but the growth is not 
as good as was shown in a previous paper (2) with a similar amount 
of wheat and autoclaved yeast. Just why this is the case remains 
to be investigated. However, none of the symptoms of pellagra, 
such as lesions on body or eye disease, were present, and one 
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female gave birth to young. This again shows that wheat is 
relatively poor in the antipellagra vitamin, vitamin G.. Another 
lot of rats was fed a diet containing 25 per cent of wheat as the only 
source of vitamin B and allowed to remain on this diet until 
symptoms indicative of pellagra were noted, when the antineuritic 
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vitamin, vitamin F, was administered separately. There was 
very little if any response in growth (Chart 3), neither did the 
lesions heal, nor the other symptoms disappear. This is as one 
expects from what we now know regarding the different fractions, 
and again confirms the fact that vitamin B is composed of at least 
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two other vitamins, which have been isolated and are distinctly 
different.. There is also a third factor, which is a vitamin, or 
catalyst, that activates or supplements the other two factors. It 
seems to be relatively abundant in the yeast residue, and as will 
be shown later, it is carried over into the fuller’s earth residue, 
either by being in solution or in suspension. In looking about 
for an explanation as to why good growth was not obtained by 


ti4 





Basal diet 41.0 gm.yeast Basal diet + 1.0 gm. autoclaved 
residue # 1.0 cc, each of yeast residue + 1.0 cc.each of 
A and B fractions daily. A and B fractions daily. 


Cuart 4, 


feeding the two fractions, it was thought that possibly the yeast 
residue contained some substance that would account for the differ- 
ence. Since the yeast residue had been thoroughly washed it was 
inconceivable that a water-soluble substance still remained with 
the residue. In the meantime the residue had been dried before 
an electric fan and ground to a powder. This residue was fed to 
a check lot of rats, but instead of growth (Chart 4) there was a 
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gradual decline and death in 5 to 6 weeks. However, when the 
two vitamins of the complex were added to the yeast residue in 
equal proportions (1 cc. each), and the same fed to rats, there was 
excellent growth as shown in Chart 4. Similar results were 
obtained with the autoclaved yeast residue. The investigation 
was rewarded with the result that here was a substance insoluble 
in water or 0.01 per cent acetic acid, thermostable, and one 
which activates, or supplements the two other vitamins of the 
vitamin B complex. A brief report (5) concerning this substance 
has been made. Just what this catalyst or vitamin is remains to 
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be determined and is now being investigated. Since this investiga- 
tion was started Kennedy and Palmer (6) have observed similar 
results with the yeast residue and their Ration 5 containing the 
extract equivalent of 15 parts of wheat embryo as the source of 
vitamin B. The yeast residue is rich in the new factor, as is 
evidenced by the growth curves in Chart 5. Good growth was 
obtained on 500 mg. of the autoclaved yeast residue and an equiv- 
alent amount of the A and Bfractions. This growth is comparable 
to that obtained with 500 mg. of the original yeast. When 1.0 cc. 
each of the A and B fractions of the complex was fed in addition to 
250 mg. of the autoclaved yeast residue, the growth was good and 
compared very favorably with the growth curves where 500 mg. of 
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the autoclaved yeast residue and the equivalent of the A and B 
fractions were used. 

Another series of experiments was run to determine whether the 
fuller’s earth residue contained any of either the fractions A and 
B, or the new factor. The fuller’s earth was fed in the same 
equivalent amount as the yeast residue. It will be seen from the 
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the same procedure gives the same results, as far as the earth resi- 
dues are concerned, or that one encounters a different grade of 
fuller’s earth. When the fuller’s earth residue was fed in con- 
junction with the yeast residue there was no supplementary effect, 
but when fed in addition to the A and B fractions, with or without 
the yeast residue there was good growth. This would indicate 
that this new factor is soluble in water, or that some of it remains 
in suspension in the water extract and is then adsorbed on the 
fuller’s earth when so treated and is not removed by the procedure 
used. The water extract always contained some of the residue 
in suspension. In another paper this phase of the subject and 
others will be taken up. The yeast residue seems to have an 
additional supplementary value to that of the A and B fractions 
and fuller’s earth residue. 


SUMMARY. 


1. A method of separating the component parts of the vitamin 
B complex is given 

2. Each of the component parts (vitamins F and G) when fed 
separately failed to maintain the weight of rata, but when fed in 
combination there was continuous growth; however, the growth 
did not approach that produced by an equivalent amount of the 
original yeast (1 ce 1 am. of yenst) 

4. The A fraction, the antineuritice vitamin, supplemented 
autoclaved yeast, while the B fraction, the antipellagra vitamin, 
supplemented whole wheat in producing growth in rate This 
confirms the previous conclusions that autoclaved yeast te rich 
in the antipellagra vitamin, vitamin Gi, and that wheat t rich in 
the antineuritic vitamin, vitamin I 

1 The defietoncy of the antineurttic and antipellagra vitamins 
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concentrated before an electric fan to a volume of 1600 ce Chis 
fraction as will be shown later contains the vitamin that prevents 
pellagra-like svmptoms in rats ind which with the other part of 
the vitamin B cor pieX Induces growth This hereafter will be 
designated as the B fraction or antipellagra vitamin (vitamin G 
rhe other fraction of the vitamin B complex was removed from 


the moist fuller’s earth by means of a concentrated solution of 
barium hydroxide The liquid was separated from the earth by 
filtering and washing with suction on a Buchner funnel. The 
filtrate was neutralized immediately with sulfuric acid, litmus 
paper being used as an indicator. The earth was extracted the 
second time and the filtrate neutralized as before. The barium 
sulfate was centrifuged off and the liquid concentrated before an 
electric fan to 1600 cc. This hereafter will be designated as the A 
fraction and contains the vitamin that prevents polyneuritis, 
and which with the B fraction produces growth in rats. It is 
also designated as the antineuritic vitamin, or vitamin F. This 
terminology is in agreement with that of Sherman and Axtmayer 
(1) and is one which seems logical. 

The data reported in this paper include: (1) A study of the 
effect of each of these fractions (vitamins) separately and in com- 
bination on the growth of rats, and (2) A study of the effect of 
each of the separate fractions (vitamins) as supplements to other 
diets. Several check or control groups are included. 


EXPERIMENTAL. 


The rats used as the experimental animals were 24 days old and 
weighed from 40 to 70 gm. when placed on test. They were kept 
individually in screen bottom cages and fed on a basal vitamin B- 
free diet consisting of casein 18; starch 64; salt mixture! 4; Crisco 
10; agar agar 2;and cod liver oil 2. The vitamin preparations were 
fed daily and separately. From an inspection of the growth curves 
(Chart 1) it is seen that the fractions A and B, or vitamins F and 
G (Sherman’s terminology), when fed separately, stimulate slight 
growth, or extend the maintenance period over that of the basal 
diet, but loss in weight soon follows. Those on small amounts, 
0.6 cc. or less, of the B fraction invariably died of polyneuritis. 


1McCollum’s Salt Mixture 185. (McCollum, E. V., and Simmonds 
N., J. Biol. Chem., 1918, xxxiii, 63 
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not certain from this whether these fractions are pure, or whether 


"Ghaht i 


-_—_ -— + + 


- —~—+—_ -++—_ - 
Basal) di¢t 





— EE 


0. 4be, dally 


. @ 
\0.6) ec) daily 1.0) cc,|daily 


of B fraction 


Cuart 1. 


they supplement the vitamins that are already stored in the body 
and thus the animals are able to maintain their weight for a longer 
time. 


When these two fractions are fed in combination (Chart 2) 
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there is continuous growth, but the growth does not compare 
favorably with that produced by an equivalent amount of the 
original yeast (1.0 cc. = 1.0 gm. of yeast). Even 4 cc. daily did 
not give a growth rate that one expects. For example, rats re- 
ceiving 1.0 gm. of yeast daily as the only source of vitamin B 
averaged 235 gm. in weight for the males and 165 gm. for the 
females, at the end of the 8th week. Evidently something was 
lost in the procedure or something was left in the residues. 

In a previous paper (2) it was shown that autoclaved yeast is 
a rich source of antipellagra vitamin, or vitamin G. Since this 
is the case, then when the A fraction, or vitamin F, is fed in con- 
junction with autoclaved yeast there should be good growth. 
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Chart 3 shows this supplementary value of vitamin F as well as 
the fact that vitamin G, as would be expected, does not supple- 
ment the stimulatory value of autoclaved yeast. 

It is now well known that wheat is rich in the antineuritic 
vitamin, vitamin F’, and poor in the growth or antipellagra vitamin, 
vitamin G. Such being the case one would expect that by adding 
the B fraction, vitamin G, as in the case of autoclaved yeast, to a 
diet containing 25 per cent of wheat there would be good growth. 
The growth curves in Chart 3 confirm this but the growth is not 
as good as was shown in a previous paper (2) with a similar amount 
of wheat and autoclaved yeast. Just why this is the case remains 
to be investigated. However, none of the symptoms of pellagra, 
such as lesions on body or eye disease, were present, and one 
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female gave birth to young. This again shows that wheat is 
relatively poor in the antipellagra vitamin, vitamin G. Another 
lot of rats was fed a diet containing 25 per cent of wheat as the only 
source of vitamin B and allowed to remain on this diet until 
symptoms indicative of pellagra were noted, when the antineuritic 


of B frac- 
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vitamin, vitamin I’, was administered separately. There was 
very little if any response in growth (Chart 3), neither did the 
lesions heal, nor the other symptoms disappear. This is as one 
expects from what we now know regarding the different fractions, 
and again confirms the fact that vitamin B is composed of at least 
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two other vitamins, which have been isolated and are distinctly 
different.. There is also a third factor, which is a vitamin, or 
catalyst, that activates or supplements the other two factors. It 
seems to be relatively abundant in the yeast residue, and as will 
be shown later, it is carried over into the fuller’s earth residue, 
either by being in solution or in suspension. In looking about 
for an explanation as to why good growth was not obtained by 





Basal diet 41.0 gm.yeast Basal diet + 1.0 gm. autoclaved 
residue # 1.0 cc, each of yeast residue + 1.0 cc.each of 
A and B fractions daily. A and B fractions daily. 


Cuart 4, 


feeding the two fractions, it was thought that possibly the yeast 
residue contained some substance that would account for the differ- 
ence. Since the yeast residue had been thoroughly washed it was 
inconceivable that a water-soluble substance still remained with 
the residue. In the meantime the residue had been dried before 
an electric fan and ground to a powder. This residue was fed to 
a check lot of rats, but instead of growth (Chart 4) there was a 
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gradual decline and death in 5 to 6 weeks. However, when the 
two vitamins of the complex were added to the yeast residue in 
equal proportions (1 cc. each), and the same fed to rats, there was 
excellent growth as shown in Chart 4. Similar results were 
obtained with the autoclaved yeast residue. The investigation 
was rewarded with the result that here was a substance insoluble 
in water or 0.01 per cent acetic acid, thermostable, and one 
which activates, or supplements the two other vitamins of the 
vitamin B complex. A brief report (5) concerning this substance 
has been made. Just what this catalyst or vitamin is remains to 
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be determined and is now being investigated. Since this investiga- 
tion was started Kennedy and Palmer (6) have observed similar 
results with the yeast residue and their Ration 5 containing the 
extract equivalent of 15 parts of wheat embryo as the source of 
vitamin B. The yeast residue is rich in the new factor, as is 
evidenced by the growth curves in Chart 5. Good growth was 
obtained on 500 mg. of the autoclaved yeast residue and an equiv- 
alent amount of the A and Bfractions. This growth is comparable 
to that obtained with 500 mg. of the original yeast. When 1.0 ce. 
each of the A and B fractions of the complex was fed in addition to 
250 mg. of the autoclaved yeast residue, the growth was good and 
compared very favorably with the growth curves where 500 mg. of 
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the autoclaved yeast residue and the equivalent of the A and B 
fractions were used. 

Another series of experiments was run to determine whether the 
fuller’s earth residue contained any of either the fractions A and 
B, or the new factor. The fuller’s earth was fed in the same 
equivalent amount as the yeast residue. It will be seen from the 
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growth curves (Chart 6) that the earth residue does contain some 
of one or more of the fractions regardless of the fact that it was 
extracted twice with barium hydroxide and then washed with dis- 
tilled water. In another experiment (not reported here), where 
fuller’s earth was used as the only supplement to the basal diet, 
there was very little if any growth. The only conclusion that 
can be drawn is that evidently it is always difficult to be sure that 
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the same procedure gives the same results, as far as the earth resi- 
dues are concerned, or that one encounters a different grade of 
fuller’s earth. When the fuller’s earth residue was fed in con- 
junction with the yeast residue there was no supplementary effect, 
but when fed in addition to the A and B fractions, with or without 
the yeast residue there was good growth. This would indicate 
that this new factor is soluble in water, or that some of it remains 
in suspension in the water extract and is then adsorbed on the 
fuller’s earth when so treated and is not removed by the procedure 
used. The water extract always contained some of the residue 
in suspension. In another paper this phase of the subject and 
others will be taken up. The yeast residue seems to have an 
additional supplementary value to that of the A and B fractions 
and fuller’s earth residue. — 


SUMMARY. 


1. A method of separating the component parts of the vitamin 
B complex is given. 

2. Each of the component parts (vitamins F and G) when fed 
separately failed to maintain the weight of rats, but when fed in 
combination there was continuous growth; however, the growth 
did not approach that produced by an equivalent amount of the 
original yeast (1 ce. = 1 gm. of yeast). 

3. The A fraction, the antineuritic vitamin, supplemented 
autoclaved yeast, while the B fraction, the antipellagra vitamin, 
supplemented whole wheat in producing growth in rats. This 
confirms the previous conclusions that autoclaved yeast is rich 
in the antipellagra vitamin, vitamin G, and that wheat is rich in 
the antineuritic vitamin, vitamin F. 

4. The deficiency of the antineuritic and antipellagra vitamins, 
vitamins F and G, as prepared by the above method was found 
to be a catalyst or a new vitamin resident in the yeast residue, 
and possibly in the fuller’s earth residue. 
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THE RELATIVE ANTINEURITIC AND ANTIPELLAGRIC 
POTENCY OF COW’S MILK.* 


By CHARLES H. HUNT anp W. E. KRAUSS. 


(From the Departments of Animal Industry and Dairy Husbandry, Ohio 
. Agricultural Experiment Station, Wooster.) 


(Received for publication, August 3, 1928.) 


Recent investigations have shown that the substance formerly 
designated as vitamin B in reality is composed of two factors. 
Some investigators (1, 2) have presented evidence that a third 
factor exists. In their study of the composite nature of vitamin 
B, Chick and Roscoe (3) made the observation that milk was a 
poorer source of the antineuritic factor than of the antipellagric 
factor. Sherman and Axtmayer (4) in a similar study found that 
dried skim milk was apparently richer in vitamin G than in vita- 
min F. In view of the observations of these workers and the 
great importance of milk as a food, it was thought pertinent to 
study the relative potency of whole milk in the two known factors 
of the vitamin B complex. 

A method of utilizing the selective adsorption power of fuller’s 
earth was used to separate the different fractions from the acidu- 
lated water extract of yeast. The fraction which was adsorbed 
on the fuller’s earth and afterwards removed with barium hy- 
droxide was designated fraction A and, as will be shown later, 
contained the antineuritic vitamin (vitamin F). That part of 
the yeast extract not adsorbed by the fuller’s earth was designated 
fraction B. It possessed antipellagric properties and when fed 
in conjunction with fraction A produced slight growth. In order 
to make sure that fraction B did not contain any of the antineuritic 
vitamin it was autoclaved 2} hours at 15 pounds steam pressure 
before being used. With polyneuritis- and pellagra-producing 
basal diets, with additions of fractions A and B, together with 

* Published with the permission of the Director of the Ohio Agricultural 
Experiment Station. 
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different levels of milk, it was possible to measure the relative 
antineuritic and antipellagric vitamin content of milk. 


EXPERIMENTAL. 


Our general laboratory technique has already been described 
in detail in a previous paper (5). In all of the experiments the 
rats were kept individually in wire cages with raised floors. The 
polyneuritis-producing diet consisted of casein 18, starch 64, 
McCollum’s Salt Mixture 185 4, Crisco 10, agar 2, and cod liver 
oil 2 parts. The pellagra-producing diet was made up of casein 





CuartT 1. 


18, whole wheat 25, starch 41, Salt Mixture 185 4, Crisco 10, and 
cod liver oil 2 parts. Previous experiments showed that these 
diets were true toname. The milk used was obtained from station 
cows receiving a good dairy ration and kept indoors. 

The growth curves produced by the separate fractions, when fed 
in addition to the basal vitamin B-free diet, were reproduced 
in a previous paper and will not be repeated here. However, to 
obtain further evidence that these separate fractions were quite 
pure they were fed to chickens. The basal diet of the chickens 
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consisted of polished rice 78, casein 16, Salt Mixture 185 4, and 
cod liver oil 2 parts. Those receiving the A fraction (vitamin F) 
in addition to the basal diet, maintained their weight and ap- 
peared normal, while those that received the B fraction (vitamin 
G) lost weight and developed polyneuritic symptoms as soon as 














Cuart 2. 


those of the control group. Those receiving both fractions grew 
slowly and appeared normal. 

Chart 1 shows the growth curves of the control rats on each of 
the basal diets used. Although the pellagra-producing diet 
contained 25 per cent of wheat which supplied sufficient of the 
antineuritic vitamin for normal growth provided the other 
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fraction of the complex vitamin B was present, there was very 
little if any growth. In another paper (5) it was shown that 
autoclaved yeast can supply the other factor. 
The results shown in Chart 2 offer evidence that 5.0 cc. of milk 
daily are a very good supplement to the A fraction (vitamin F) 
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of the complex. There was good uninterrupted growth for 10 
weeks, after which there was a tendency for the curves to flatten. 
Previous experiments showed that 5.0 cc. of milk did not supply 
sufficient vitamin F for growth, but in this case where the anti- 
neuritic vitamin, vitamin F, was fed in addition to the milk there 
was growth. This shows that the A fraction supplies the factor 
that is lacking in milk, viz. the antineuritic vitamin. The con- 
clusion to be drawn from this is that milk is richer in the growth 
or antipellagric vitamin (vitamin G) than in the antineuritie 
vitamin (vitamin F). 
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When 1.0 ce. of the B fraction replaced the same amount of the 
A fraction and was fed in connection with the vitamin B-free diet 
and 5.0 cc. of milk there was good growth, as shown in Chart 2, 
for from 6 to 8 weeks, after which there was a rapid decline. 
Since the milk was relied upon to supply the antineuritie vitamin 
and since there was a decline in weight, it follows that milk is 
deficient in this factor. Evidently the animals had a reserve 
storage of the antineuritic vitamin and this, together with the 
small amount that was in the milk, made it possible for them to 
grow at a good rate until the body supply was exhausted. 
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Further evidence to the effect that milk contains less of the 
antineuritic vitamin than of the antipellagric vitamin is given in 
Chart 3. This basal diet, as has been shown, resulted in prac- 
tically ne growth and produced pellagra after a considerable length 
of time. One of us in a previous paper (5) presented evidence that 
autoclaved yeast prevented the pellagra-like symptoms when fed 
as a supplement to this diet and now when 5.0 cc. of milk were fed 
as a supplement to the same diet good growth was obtained over 
the entire experimental period and the rats remained in good 
condition. It follows then that milk is potent in the antipellagric 
vitamin (vitamin G) and supplements a cereal diet excellently. 
The addition of 10 cc. of milk to the diet gave some additional 
growth over that obtained when 5.0 cc. were fed. This is shown 
in Chart 3. We believe that 25 per cent of wheat supplies 
liberally the antineuritic vitamin and that 5.0 cc. of milk carry 
the minimum of the antipellagric vitamin for growth, and when the 
two are fed in combination the limiting factor for growth is the 
vitamin or the vitamins found in the 5.0 ce. of milk. When 5.0 
cc. of milk were supplemented with 1.0 cc. of the B fraction ex- 
cellent growth was obtained which confirms our belief (Chart 4). 
This is clearly shown when Chart 3 is compared with Chart 4. 

No attempt was made to evaluate the potency of milk in the 
third factor of the vitamin B complex. 


CONCLUSIONS. 
Milk from cows under winter feeding conditions is potent in the 


antipellagric vitamin (vitamin G) and relatively poor in the 
antineuritic vitamin (vitamin F). 
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A GASOMETRIC METHOD FOR DETERMINATION OF 
REDUCING SUGARS, AND ITS APPLICATION TO 
ANALYSIS OF BLOOD AND URINE. 


By DONALD D. VAN SLYKE anv JAMES A. HAWKINS. 
(From the Hospital of The Rockefeller Institute for Medical Research, 
New York.) 

(Received for publication, August 14, 1928.) 


The methods here described depend on the quantitative reduc- 
tion of potassium ferricyanide by sugar in an alkaline solution, 
and the gasometric determination in the Van Slyke-Neill appara- 
tus (1924), of the nitrogen evolved when the excess ferric salt is 
permitted to react with hydrazine. 


4 Fett++ + N.H,— 4 Fe**+ + N; + 2H.0 


The method is exact, rapid, requires only simple and stable 
reagents, and no standards. Oxalate and fluoride used as 
anticoagulants in blood do not interfere. The blood sugar deter- 
minations are made after removal of proteins by the Folin-Wu 
tungstic acid precipitant. 

One determines in a control analysis without sugar the pressure 
Po, exerted by the Nz evolved when all the ferricyanide in the 
reagent reacts with hydrazine in the gas apparatus. The dimin- 
ished pressure, p:, is then determined, which is exerted by the N2 
evolved from reaction of hydrazine with the amount of ferricyan- 
ide left unchanged, after part has been reduced to ferrocyanide 
by the sugar. The pressure difference, pp — p:, is proportional 
to the amount of sugar present. Contrary to most analyses in 
the Van Slyke-Neill gas apparatus, the zero reading in this case is 
near the top of the manometer; the more sugar there is in the sample 
the lower is the manometer reading obtained in its analysis, be- 
cause the sugar destroys the ferricyanide, of which the Ne pres- 
sure is a measure. 

Ferricyanide as a reagent for determining reducing sugars has 
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an advantage over copper reagents, in that the ferrocyanide pro- 
duced by reaction with sugar is not readily reoxidized by the air. 
The ferricyanide solution partially reduced by heating with sugar 
may be permitted to stand for several hours at room temperature 
in contact with air without influencing the results obtained when 
the analysis is completed by determination of the excess ferric iron. 

Hagedorn and Jensen (1918) first made use of the reduction of 
potassium ferricyanide for the determination of blood sugar. Ray 
and Sen (1912) have shown that potassium ferricyanide reacts 
quantitatively with hydrazine in an alkaline solution, liberating 
free nitrogen gas according to the above equation. The writers 
published a preliminary outline of the present method 2 years ago 
(Van Slyke and Hawkins, 1926). 


MACRO DETERMINATION OF REDUCING SUGAR IN BLOOD. 


This determination is performed with a volume of Folin-Wu 
blood filtrate equivalent to 0.3 cc. of blood. We have called it 
the macro method to differentiate it from the micro method, de- 
scribed later, which requires still less material. 


Reagents for Macro Blood Sugar Determination. 


Potassium Ferricyanide Reagent.—8 gm. of potassium ferricy- 
anide, 75 gm. of anhydrous potassium carbonate, and 75 gm. of 
potassium bicarbonate are dissolved in water and made up to 1 
liter. 

The potassium carbonate and bicarbonate are dissolved in 
approximately 750 cc. of warm distilled water. The potassium 
ferricyanide is dissolved in about 100 cc. of distilled water and 
added to the carbonate-bicarbonate solution. After the mixed 
solution has cooled to room temperature, it is made up to a liter 
with distilled water and filtered. Filtration is necessary even 
though the solution appears perfectly clear. The solution is kept 
in a dark-colored, glass-stoppered bottle. It will keep indefinitely 
in the dark. The reagents do not need to be weighed with any 
great degree of accuracy, as the control that is run when sugar 
determinations are made determines the amount of ferricyanide 


present. 
Alkaline Hydrazine Solution.—A saturated solution of hydra- 
zine sulfate is made by dissolving 25 gm. of the substance in 
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ide pro- 500 ec. of warmed water, and letting the excess crystallize out 
the air. § on cooling. 
th sugar A 40 per cent solution of the purest grade NaOH is prepared by 
perature dissolving 200 gm. in water and diluting to 500 ce. We have used 
»d when Merck’s ‘‘Reagent sodium hydroxide from sodium.’”’ Some other 
ric iron. commercial preparations have been found to contain impurities 
ction of which affect the results. 
r. Ray The alkaline hydrazine solution is made by mixing equal volumes 
2 reacts of the saturated hydrazine sulfate and of the 40 per cent sodium 
erating hydroxide solution. The mixed solution kept at room tempera- 
writers ture has shown no deterioration within 3 months. How much 
ATS ago longer it will keep we have not ascertained. 
Tungstic Acid Solution (Mixed Reagents of Folin and Wu (1919)) 
—1 volume of 10 per cent sodium tungstate (Na,.W0O,-2H,0) is 
aD. mixed with 8 volumes of n/12 sulfuric acid. The acid solution 
lin-Wu is not permanent, but can be used for 2 weeks. A slight precipi- 
alled it tate appears in a shorter time, but without diminishing signifi- 
od, de- cantly the effectiveness of the solution as a precipitant for the 
blood proteins. 
Procedure for Macro Blood Sugar Determination. 
ferricy- Precipitation of Blood Proteins.—A flask calibrated to contain 
gin. of tenfold the volume of the blood sample is filled about two-thirds 
ip to 1 full with the tungstic acid solution, into which the blood sample is 
pipetted. Sufficient additional tungstic acid solution is added to 
ved in make the volume up to the mark. An alternative procedure is 
assium to add the blood sample to 9 volumes of tungstic acid solution. 
er and The mixture is thoroughly shaken, and after 2 minutes or longer is 
mixed filtered through a dry filter. 
a liter Folin and Wu (1919) originally added separately to each blood 
> even sample the water, 10 per cent sodium tungstate solution, and sul- 
is kept ' furic acid (3 N), of the above tungstic acid solution. The use 
initely | of a single solution in which the reagents are already combined 
th any simplifies the procedure, and also has been found to yield a some- 
sugar what larger volume of filtrate. The filtrates obtained can be used 
yanide for any of the determinations applicable to the Folin-Wu blood 
filtrate. The acidified tungstate solution has a slight disadvan- 
hydra- tage in that it does not last indefinitely; but the trouble involved in 
nce is preparing it fresh once in 2 weeks is negligible. 
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Reduction of Ferricyanide by Blood Filtrate.—3 ce. of filtrate are 
pipetted into a Pyrex test-tube (14 by 125 mm. outside measure) 
followed by 1.5 cc. of ferricyanide solution.'. Both solutions must 
be measured accurately from Ostwald bulb pipettes with capil- 
lary stems. The ferricyanide solution should be added last, in 
order to facilitate its mixture with the lighter filtrate. The tube 
is closed by a 1-hole rubber stopper (Fig. 1), through which passes 








E 


Fig. 1. Test-tube used for reduction of ferricyanide by sugar. 


a capillary tube 2 cm. long of 0.6 mm. bore. The tube is shaken 
gently to mix the two solutions, and is then immersed for 20 


1 It is necessary to use a special 1.5 cc. pipette, with stem of 1 mm. bore, 
for precise measurement of the ferricyanide. Such pipettes can be ob- 
tained from the makers of the manometric apparatus. In case 1.5 ce. 
pipettes are not at hand, 1 ce. of a ferricyanide-carbonate solution contain- 
ing, per liter, 12 gm. of K;sFe(CN)., 100 gm. of K2COs, and 100 gm. of KHCO; 
may be added from a 1 cc. Ostwald pipette with a capillary stem. It is 
advisable to use the same pipette for the control analysis, in which po 
is determined, and for the unknown. If this is done the final result is 
unaffected by any error in the calibration of the pipette. When only 1 cc. 
of the above 1.2 per cent ferricyanide solution is added, instead of the usual 
1.5 ec. of 0.8 per cent ferricyanide, the factors in Table II for the macro 


blood method require multiplication by 3 = 0.909, in order to apply, since 


the 3 cc. of filtrate are diluted only to 4.0 instead of 4.5 ec. with ferricyanide 
reagent; e.g., the factor for 20° is thus changed from 1.457 to 1.325. 
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minutes in a boiling water bath. Usually a series of tubes is 
heated at once; it is convenient to use a cylindrical copper rack,’ 
such as is employed by bacteriologists, to hold the tubes. The 
solutions are cooled by immersing the tubes in cold running water 
for 3 minutes and then in a beaker of water at room temperature. 

After they reach room temperature the solutions are resaturated 
with air by shaking them vigorously for 1 minute. Six or eight 
tubes are clasped with the fingers so that the tops of the tubes are 
in the palm of the hand. This insures against the stoppers coming 
out and also prevents warming the solutions by the heat of the 
hand. The capillary openings through the stoppers must not be 
closed. They permit the air, driven out during the heating, to 
reenter when the tubes are cooled and shaken, while the narrow- 
ness of the bore prevents more than an occasional drop of solution 
from passing out and being lost. The loss of a drop or two does 
not matter, since an aliquot of the solution is used for the final 
analysis. After the solutions are thus aerated it is our custom to 
let them stand until analyzed in a beaker of water at room tempera- 
ture, to prevent sudden temperature changes. 

It is essential that the resaturation with air shall be complete: 
the amount of dissolved air in the solution exerts about 60 mm. of 
pressure in the subsequent manometer reading, and it is essential 
to have it the same in the control tube and all the filtrate tubes. 
In practically every case in which analysts to whom we have given 
this blood sugar method have had trouble with it, the cause has 
been failure to make the resaturation with air complete. In 
consequence the solutions in the tubes continue to absorb air 
slowly as they stand waiting for the gasometric analysis, and those 
tubes with blood filtrate which stand longer than the control, 
register less fall in Ne pressure (measured as pp — p;) than they 
should, and lower sugar values. 

The ferricyanide present in the reagent is enough to oxidize 350 
mg. of glucose per 100 cc. of blood. If more is present, the filtrate 
plus ferricyanide solution will, after heating, be entirely colorless, 
all the yellow ferricyanide having been reduced to colorless ferro- 


* These copper racks may be obtained from Eimer and Amend, New York, 
catalogue No. 32002, or from Arthur H. Thomas Company, Philadelphia, 
catalogue No. 9488. 
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cyanide. In such a case another portion of blood filtrate is di- 
luted with an equal volume of water, and the analysis is repeated 
with the diluted filtrate. In calculating the results the factor in 
Table II must then be doubled. 

Gasometric Determination of Excess Ferricyanide.—Sufficient 
alkaline hydrazine solution is run from the cup of the Van Slyke- 
Neill apparatus down into the mercury-filled chamber to reach 
exactly to the 2 cc. mark on the chamber. The stop-cock of the 
chamber is closed and the excess hydrazine solution is sucked out 
of the cup, in which 1 to 2 cc. of mercury are then placed. 
Through this mercury seal 3 cc. of the previously heated and re- 
aerated sugar-ferricyanide solution are then measured into the 
chamber of the apparatus from a rubber-tipped stop-cock pipette 
as described in a former paper (Van Slyke, 1927; see Fig. 3 of that 
paper). The stop-cock is sealed by admitting just enough mer- 
cury to fill its bore; mercury drops are not permitted to stream 
down through the solution in the chamber, as they might reduce an 
appreciable amount of the ferricyanide solution before it is mixed 
with the hydrazine. The mercury in the chamber is lowered to 
the 50 cc. mark. When the ferricyanide and hydrazine solutions 
mix, their reaction is practically instantaneous, as evidenced by 
the ebullition of nitrogen gas. The evacuated chamber is shaken 
rapidly 1 minute to complete the evolution of the gas, and the 
volume of the latter is then reduced to 0.5 cc. (If the chamber 
is shaken slowly 15 minutes may be needed.) The pressure in 
the manometer is read, p; if a blood filtrate is analyzed, po if the 
determination is that of the control without sugar. The solution 
is then ejected from the chamber, and the apparatus is ready for 
the next determination. 

Preliminary Determination of po.—The control determination 
is performed with 0.9 per cent NaCl solution in place of the blood 
filtrate, because this solution has the same solvent power for air 
as the Folin-Wu filtrate. The dissolved air provides part of the 
pressure observed in the analysis, and hence must be equal in 
determination of po and p;. In all details, heating, aeration, etc., 
the control determination is carried through exactly like the 
analysis of the blood filtrate, described below. One control 
provides the p» for an entire series of blood analyses. 
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Calculation of Results of Macro Blood Analysis. 


The po — p: reading multiplied by the proper factor from Table 
II gives directly the blood sugar in mg. per 100 cc. 

If the temperature, observed on the thermometer in the water 
jacket of the extraction chamber, has changed at the time of the 
p: reading from the temperature at the po determination, the po 
value used in the calculation is corrected as indicated by Table I. 

Remarks on Gasometric Technique.—It is not necessary to wash 
the chamber of the gas apparatus between the successive deter- 
minations of a series. A great excess of alkaline hydrazine solu- 


TABLE I. 
Correction to po for Temperature Change.* 








Macro blood analyses. | Micro blood analyses Urine analyses 
Increase = teens aepmioer Wanna ao cnmeane » 
of vapor Increase I 
A , on nerease = py Increas 7, 
Tempera- | tension of of Ne Total po a N. Total po ‘of N - Total po 
ture | water per pressure correction pressure correc- pressure correc- 
range. 1° tem- of control per 1° of control | #9" Pe | of control | ton Per 
perature analysis tempera- per 1 tome 1° tem- per I yest 1° tem- 
} > 4 - rT zg "af > . at re 
rise. per 1° tem ture perature perature perature perature 
perature change shen change mt rise 
rise 
= mm mim mm. mm mim vem mr 
15-20 0.7 1.0 1.7 0.5 1.2 1.1 1.8 
20-25 1.2 1.0 2.2 0.5 he cen 2.3 
25-30 1.6 1.0 2.6 0.5 2.1 2 2.¢ 











* Add correction to poif temperature, observed at p; reading, is higher 
than that at the po reading; subtract correction if temperature at p, 
reading is lower than at poreading. The “‘total po correction” in each case 
is the sum of the rise in vapor tension given in the second column plus the 
increase in N2 pressure of the control per 1° temperature rise. 


tion is used for each determination, and effectively cleans the 
chamber for the next. The gasometric determinations in a series 
can be run off at the rate of one every 3 minutes. A technician in 
this laboratory has in routine work finished 35 complete blood 
sugar analyses in 24 hours. 

It is necessary that the hydrazine and ferricyanide-sugar solu- 
tions be run into the chamber of the gas apparatus in the order 
directed, the hydrazine first, then the ferricyanide-sugar solution. 
When thus added, the two solutions divide into layers, with the 
heavier alkaline hydrazine solution remaining on the bottom in 
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TABLE II. 
Factors by Which N2 Pressure Fall, po — pi, in Millimeters Is Multiplied to 
Calculate Reducing Sugar of Blood or Urine in Terms of Glucose. 
Blood analyses. | Urine analyses. 
Gas pressures mezsured at Gas pressures measured at 
0.5 cc. volume. 2.0 cc. volume. 
brome mem ag Factors to esfeutate mg. sugar | Factors to calculate per cent sugar 
per 100 cc. blood. in urine. 
Macro blood Micro blood Urine Urine 
method. method. diluted 1:20. | diluted 1:50. 
ane _ 
10 1.508 4.37 0.0136 0.0340 
11 03 5 5 0.0338 
12 1.498 4 5 7 
13 93 2 4 6 
14 87 1 4 5 
15 82 4.29 4 4 
16 77 8 3 2 
17 72 7 3 1 
18 67 5 2 0 
19 62 3 2 0.0329 
20 57 2 2 8 
21 52 1 1 7 
22 47 | 4.19 1 6 
23 42 | 8 0 5 
24 37 6 0 4 
25 32 | 5 0.0129 2 
26 28 | 4 9 l 
27 | 23 2 9 0 
28 18 1 s 0.0319 
29 | 14 4.09 8 8 
30 | 09 | s 7 7 
31 04 7 6 6 
32 | 00 5 6 5 
33 1.395 4 6 4 
34 91 3 5 3 

















The factors are calculated as follows: 
Let P = mm. pressure fall per 1 mg. of glucose at 25°, under the condi- 
tions of the analysis. 
* Voor V, = ce. volume of blood or urine sample represented in the portion 
transferred to the gas apparatus. 
t = temperature in °C. in water jacket of gas chamber. 
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contact with the mercury. The ferricyanide is completely re- 
duced by the hydrazine before coming into contact with the mer- 
cury. If the ferricyanide were added first, contact with the mer- 
cury in the chamber would partially reduce it before it mixed with 
the hydrazine. 

Before a series of determinations is started it is advisable to run 
2 or 3 cc. of the alkaline hydrazine solution into the chamber of 
the gas apparatus, and evacuate and shake the latter for 2 or 3 
minutes, in order to make sure that there are no impurities present 
which can oxidize hydrazine. 

This treatment has sufficed to prepare the apparatus after any 
previous use except micro-Kjeldahl analyses by the hypobromite 
method (Van Slyke, 1926-27). The mercuric bromide which 
apparently clings to the walls of the chamber, or to the rubber 
connecting tube below it, reacts with hydrazine for a long time. 
This bromide is readily dissolved by a strong solution (saturated 
to half saturated) of sodium bromide. 10 or 15 ee. of the latter 
are run into the chamber of the gas apparatus, and the mercury is 
lowered until the solution appears in the glass tube below the flexi- 
ble rubber joint underneath the chamber. If the apparatus has 
been used for many analyses with hypobromite, it may be neces- 
sary to let the sodium bromide solution stand thus in it for 2 
hours. The chamber is then washed with distilled water and 
with alkaline hydrazine solution. 





F = factor by which observed po — 7; value is multiplied to obtain mg. 
of* gar per 100 cc. of blood, or gm. per 100 ce. of urine. 

Then, for blood: F = 2 x 12 x 23425 

P Vo 273+ 

. ‘ 1 100 273 + 25 

For urine: F = — xX ——— 
P  1000V, 273+ 

The values of V; are, for the macro blood analysis 0.200 ce., for the micro 
blood analysis 0.077 ce. The corresponding values of P are 349 and 313 mm. 
(see Fig. 4 and Table VI), measured at 0.5 ec. of gas volume. 

The value of V, for analysis of urine 20-fold diluted is 0.075 cc.; for 50- 
fold diluted urine V, is 0.03 ce. The corresponding value of P is 103.0 mm. 
(see Fig. 4and Table VII), measured at 2.0 ec. gas volume. 

In case a blood filtrate, because of great sugar content, is diluted twice 
as much as prescribed in the directions for usual analyses, so that Vs is 
halved, the value of the factor F given in Table II is doubled. 
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Scale for Direct Reading of Sugar Values. 


Calculation can be obviated by preparing on a strip of milli- 
meter paper a scale on which, when itis fastened beside the 
manometer tube, sugar percentages can be read off directly from 
the level of the mercury column at the time of the p; readings with 
sufficient accuracy for most purposes. Such a scale is exact only 
for one temperature. However, if two scales are prepared, one 
for 20° and one for 25°, they can be used to cover the temperature 
range from 17.5-27.5°, with a maximum calculation error of less 
than 1 per cent. 

If, for example, a scale is prepared for the macro blood sugar 
method at 20°, an interval indicating 10 mg. per cent of blood sugar 


corresponds to a = 6.86 mm. (see Table II). The scale is 


57 
made for sugar values up to 350 mg. per cent by marking off 
35 intervals, at 6.9, 13.7, 20.6 . . . . etc. mm. from the top, 
and marking the points 10, 20,30. . . . etc., showing the mg. 


per cent of blood sugar indicated by each point. Each 10 mg. 
interval is divided into five subdivisions indicating differences of 
2 mg. per cent of sugar. The scale is attached by a piece of ad- 
hesive tape or other device to the board beside the manometer 
tube, with the zero point at the top of the scale placed level with 
the po reading on the manometer. Then when a sugar-ferricya- 
nide solution is analyzed, the reading on the scale opposite the mer- 
cury meniscus indicates at once the mg. per cent of blood sugar. 


MICRO METHOD FOR ANALYSIS OF 0.2 CC. SAMPLES OF BLOOD. 
Reagents for Micro Blood Analysis. 


Ferricyanide Solution.—This contains, like the above ferricy- 
anide, 75 gm. each of K,CO; and KHCOs, but only 4 gm. of K;Fe- 
(CN)s, per liter. 

Alkaline Hydrazine Solution.—Same as above. 

Tungstic Acid Solution.—2 volumes of the tungstic acid solu- 
tion described above are diluted with 3 volumes of distilled water. 


Procedure for Micro Blood Analysis. 


Measuring Blood Sample and Removing Proteins.—When samples 
of capillary blood are to be analyzed by the micro method, 4 
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sufficient number of rubber-stoppered centrifuge tubes is prepared, 
each containing 5 cc. of the dilute tungstic acid precipitating rea- 


ere gent described above. The blood drops forming en the incised 
Aoves finger or ear lobe are drawn by capillary attraction into a 0.200 
with ec. capillary pipette, which is at once emptied into one of the test- ; 
cole tubes. The pipette is rinsed twice by drawing the tungstic acid . 
on up into it. The test-tube is then stoppered and shaken. After 
adams any convenient interval the tube is centrifuged for 5 minutes. 
° Tee The 0.200 cc. pipette is made from a capillary tube of about 1mm. 
bore, and is calibrated by weighing 2.71 gm. of mercury in the dry 
sugar pipette. 
saga Analysis of Blood Filtrate-——The tip of a simple Ostwald 


pipette, calibrated to deliver 3 cc., is covered with absorbent cot- 
ale is ton to serve as a filter, a point of technique introduced by Somo- 
7 gyi (1926). The cover is prepared by placing the tip of the pipette 


ig off on a small, thin square of absorbent cotton held in the fingers of 
| top, one hand, and twisting the pipette until the cotton is wound 
; tightly about the tip. Through this filter the pipette is filled 
) mg. with supernatant solution from the centrifuge tube. The filter : 
ves of is then removed from the pipette tip, and 3 cc. of filtrate are de- 
of ad- livered into a Pyrex glass test-tube (14 X 125 mm.). 1.5 cc. of 
meter the ferricyanide reagent are then added. : 
with A control tube is set up containing 1.5 cc. of the ferricyanide 
ricya- reagent and 3.0 ce. of a 0.4 per cent solution of sodium chloride. q 
} ae The procedure from this point is exactly the same as in the macro ; 
gar. method described above. 
00D. Gasometric Determination of Sugar in Blood Containing Ether. 
The blood from an anesthetized subject may contain enough 
rricy- ether to give a vapor pressure of 40 to 50 mm. when the Folin- 
K;Fe- Wu filtrate, after reaction with ferricyanide, is shaken in the Van 
: Slyke-Neill apparatus. The effect is to make the sugar results 
come out too low; 7.e., p; is too high on account of the ether, 
solu- hence po — p,, which serves as a measure of the sugar, is made too ’ 
ter. small. 
The error is prevented as follows: A mark is etched to indicate 
3 ce. content on the small test-tube used for the reaction of ferri- j 
mples cyanide with blood filtrate. After the 3 cc. of filtrate have been 
od, & placed in the tube, the filtrate is heated with a micro burner, and 
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is boiled for 2 minutes to drive off the ether. The filtrate is then 
cooled, and is diluted back to the 3 ec. mark. 

Or if more convenient, the tube may be weighed to within 0.01 
gm. before the boiling; the water which has been driven off is 
then replaced by weight. 

After the ether has been driven off and the water replaced, ferri- 
cyanide reagent is added, and the analysis is continued as usual. 


DETERMINATION OF SUGAR IN URINE. 


The procedure here outlined is designed for use with urines, such 
as those encountered in diabetes, in which the significant variations 
in glycosuria are gross enough to be satisfactorily shown by meas- 
urement of the total reducing substances. The method is sensi- 
tive to 0.02 per cent of glucose in solution. Normal urine may 
show reducing power equal to that of a 0.2 per cent glucose solu- 
tion, sufficient to cause a 15 mm. fall in the manometer reading, 
but due almost entirely to non-fermentable urinary substances 
(Eagle, 1926-27; Hawkins, MacKay, and Van Slyke, 1928), 
which have no apparent relationship to carbohydrate metabolism. 
In view of this fact, a technique more sensitive than that pre- 
sented appears to have no significant application when only the 
total reducing substances are determined.’ 


Reagents for Urine Sugar. 


Ferricyanide Solution.—28 gm. of potassium ferricyanide and 
75 gm. each of KzCO; and KHCO; are dissolved in water, made up 
to,1 liter, and filtered. The solution is kept in a stoppered bottle 
of dark glass. 

Alkaline Hydrazine Solution —Same as for blood sugar. 


Procedure for Urine Sugar. 


Dilution of Urine.—1 cc. of urine is diluted with water ordina- 
rily to 20 ce. In urine so diluted the ferricyanide reagent used 
will determine up to 3.5 per cent of glucose. In case the sugar 
content is known to be very high, 1 cc. of urine is diluted to 50 cc., 


3 For use in determinations of fermentable sugar in urine we shall in & 
later paper present a gasometric procedure sensitive to glucose in 0.001 
per cent concentration. 
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s then so that glucose up to about 9 per cent can be determined. Dilu- 
tion is the only preliminary treatment of the urine required. Even 
n 0.01 albumin does not affect the determination significantly. 
off is Reduction of Ferricyanide by Diluted Urine.—2 cc. of the diluted 
urine are measured into a Pyrex glass test-tube (14 X 125 mm.), 
, ferri- and 2 cc. of the ferricyanide solution are added. The solutions : 
ual. are mixed, heated 20 minutes, cooled, and aerated, all as described ; 
above for blood analyses. A slight, flocculent, permanent pre- 7 
cipitate, presumably of calcium and magnesium carbonate, ap- 
3, such pears when the urine filtrate and ferricyanide reagent are mixed, 
ations but it does not interfere in any way with the analysis. 
meas- Gasometric Determination of Excess Ferricyanide.—1 drop of 
sensi- caprylic alcohol, to prevent foaming, is run into the chamber of 
e may the Van Slyke-Neill apparatus, followed by 2 cc. of alkaline hy- 
»solu- & drazine solution, measured as described above for blood analyses. 
ading, 3 ce. of urine-ferricyanide mixture are added through a mercury 
tances seal, as described above for the blood analysis, and the chamber of 
1928), the apparatus is shaken 1 minute to complete the evolution of the 
olism. nitrogen gas. The gas volume is reduced to 2.0 cc. and the pres- ; 
t. pre- sure is read on the manometer, p, if urine filtrate is analyzed, 
ly the po if the determination is a control. The air dissolved in the 
reagents exerts about 13 mm. pressure; the Nz from all the ferricy- 
anide in the control exerts about 300 mm. 
The “Remarks on Gasometric Technique” made above in con- 
— nection with the blood sugar determination apply also to the urine 
ade up analysis. a 
bottle Calculation consists in multiplying the observed po — p, value 
by the factor in Table II, being corrected by Table I if tempera- 
ture changes intervene between the po and p; readings. A scale, 
as described in connection with the blood analysis, may be used to 
obviate calculation. 
sie, 7 EXPERIMENTAL. 
t used Quantitative Reaction of Ferricyanide with H ydrazine in Gas 
sugar §f Apparatus. 
50 cc., The reaction 
ston 4K;Fe(CN)s + NH, + 4 NaOH = 4 K;NaFe(CN)s + 4:0 + N; 
n 0.001 


was tested in the Van Slyke-Neill manometric blood gas apparatus 
to determine whether sufficiently exact quantitative results could 
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be obtained to afford a basis for the sugar method. The fer- 
ricyanide solution analyzed was made by weight to contain 2.750 
gm. of K;Fe(CN). and 5 gm. of NasCO; per liter. 2 cc. portions 
were mixed in the chamber of the gas apparatus with 2 cc. of the 
alkaline hydrazine solution described above for blood and urine 
sugar analyses. The chamber was evacuated and shaken 1 min- 
ute, and the gas pressure was observed on the manometer after the 


TABLE III, 

Results Showing Yield of N2 from Reaction of Ferricyanide with Hydrazine, 
and Stability of Ferricyanide at 100°C. in Alkaline 
Carbonate Solution. 

Ferricyanide present in the 2 cc. of solution used = 5.50 mg. 
Theoretical N» yield = 0.1170 mg. 








Pressure | 
Treatment of ferricyanide solution at 0.5 cc Tempera- oe 
before analysis. volume of ture. N: evolved. 
No gas. 
en | per cent of 
— a mg. | theoretical 
SN fas unas nae eScaunesarmenkes 154.2 24.0 | 0.1166 | 99.6 
iho euiuntdtacieteich 156.0 24.0 | 0.1178 | 100.6 
el ee ee ee | 153.2 24.0 | 0.1158 | 98.9 
_ RE Ae eee ONE ee 158.2 24.5 | 0.1192 | 101.8 


Heated in boiling water 15 min. 
Stood 60 min. at room tempera- 
ee aad cee ea 155.2 24.0 | 0.1172 100.2 

Heated in boiling water 15 min. 
Stood 90 min. at room tempera- 


_ 
or 
or 
to 
bo 
nes 
oO 
—) 
— 
“ 
~J 
~) 


tec ews shea ars aed eee a | 100.2 
Heated in boiling water 120 min.| 

Stood 30 min. at room tempera- | 

SESE Seo ange eae 156.6 | 24.0 | 0.1182 | 101.0 





gas volume had been brought to 0.5 cc. in the chamber. The 
zero point on the manometer was obtained by control analysis of a 
0.5 per cent Na,CO; solution. The results are given in Table III. 

It is apparent from the results in Table III that the reaction of 
alkaline hydrazine solution with potassium ferricyanide, in con- 
centrations such as are used in our blood analyses, is quantita- 
tive, and that heating such as is used in the sugar determinations 
does not of itself decompose any measurable amount of ferricyanide. 
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Resistance of Ferrocyanide to Reoxidation by Air. 


Portions of a solution like the above, except that it contained 
potassium ferrocyanide instead of ferricyanide, were heated in 
the usual test-tubes for an hour. 2 cc. portions were then shaken 
with alkaline hydrazine solution in the Van Slyke-Neill apparatus. 
No measurable amounts of nitrogen gas were evolved. This nega- 
tive result indicates that no ferrocyanide had been changed to 
ferricyanide. 

TABLE IV. 


Influence of Carbonate Mixture on Amount of Reducing Substances Deter- 
mined in Blood Filtrate with 15 and 39 Minutes Heating. 














; , s Sec. Reducing 
Ferricyanide reagent. pen ant ead ped oe substances 
| per 100 cc. 
| ae omens blood by 
No. | Na2COs per 1. NaHC0Os per 1. 15 min. 30 min. —— 
| gm. gm. mg. | mg. mg. 
die | 
1 5 0 100 101 | 
2 | 40 0 122 | 123 «| 
3 20 20 9 97 CO 96 
4 | 80 | 10 116 | 113 


| on 


0 | 3 | m | 9% 











* Each blood sugar value was estimated from the ratio between fall in N» 
pressure, shown in Fig. 3, caused by heating a given ferricyanide reagent 
with blood filtrate for a given time, and fall in N2 pressure shown in Fig. 2, 
caused by heating the same reagent for the same time with glucose. Hence 
mg. of glucose per 100 cc. of blood = 100 X See — mp ger OF en. Mont ’ 
(po — pi) per 0.2 gm. glucose 
both (p, — p:) values being determined with the same reagent heated the 
same time. 








Effect of Carbonate Buffer Mixture on Amount of Ferricyanide 
Reduced by Glucose and by Blood Filtrate——Hagedorn and Jensen 
(1923) in their method use sodium carbonate to make the ferricy- 
anide reagent alkaline for the reduction by sugar. Somogyi 
(1926) in his modification of the Shaffer-Hartmann (1920-21) 
method has shown that the alkalinity of the copper solution affects 
markedly the amount of copper that is reduced by the sugar. We 
have used varying amounts of carbonate and bicarbonate in the 
ferricyanide reagents to determine the conditions under which 
ferricyanide would undergo relatively the most reduction by the 
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glucose and the least by the non-glucose substances in’ blood 
filtrate. 


70 


50 


£0 


Malls ferricyanide reduced per mel glucose 


20 


Millimeters fall in NM; pressure per 02mg glucose 


LO 





5 0 I 0 2B 9 
Minutes heating 


Fic. 2. Time curve of reduction by glucose of ferricyanide reagents, 
containing 0.8 per cent of potassium ferricyanide and varying amounts of 
sodium carbonate and bicarbonate. The N2 pressure changes are measured 
at 25° and 0.5 cc. volume. 


Various reagent solutions were made up with 8 gm. of potassium 
ferricyanide per liter in each and varying amounts of sodium car- 
bonate and bicarbonate, as shown in Table IV. 
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Reduction by Glucose—1.5 ec. of each ferricyanide reagent solution were 
mixed with 3 cc. of 0.03 per cent glucose solution and the mixture in the 
usual test-tubes was heated in a boiling water bath. Determinations were 
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Fig. 3. Time curves of reduction, by blood filtrate, of ferricyanide 
reagents containing 0.8 per cent of potassium ferricyanide and varying 
amounts of sodium carbonate and bicarbonate. The N:2 pressure changes 
are measured at 25° temperature and 0.5 cc. volume. 


made, as described for blood sugar determinations, after 5, 15, and 30 
minutes heating. Controls for the corresponding ferricyanide-sugar solu- 
tions, made by mixing 1 volume of ferricyanide reagent with 2 volumes of 
distilled water, were run at the same time to determine po readings. 
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The results are given in Fig. 2. The samples used for gas analy- 
sis represented each 0.6 mg. of glucose, so that the p,: — po readings 
observed were threefold those indicated in Fig. 2, for 0.2 mg. of 
glucose. Fig. 2 is drawn to represent pressure change per 0.2 mg. 
of glucose to facilitate comparison with the blood analysis curves 
in Figs. 3 and 5. The latter are from analyses of normal blood, 
and the portions, equivalent to 0.2 cc. of blood, used for gaso- 
metric determination contain reducing substances equivalent to 
about 0.2 mg. of glucose. 


Reduction by Blood Filtrate—1.5 ce. of each ferricyanide reagent was 
mixed with 3 cc. of a tungstic acid filtrate from normal blood, and deter- 
minations were made, as described above, with varying heating periods. 
The results are given in Table IV and Fig. 3. 


TABLE V. 
Gasometric Determination of Blood with Reagent Containing per Liter 8 Gm. 
of K;Fe(CN)s, 5 Gm. of Na:CO;. Comparison with Folin-Wu and 
Shaffer-Somogyi Methods. 





Mg. sugar found per 100 cc. blood. 








Blood No. 
Folin-Wu. | Shaffer-Somogyi. | Gasometric 
1 95.0 84.0 39.0 
2 133.0 122.0 137.0 
3 91.0 86.0 81.0 
4 116.0 | 112.0 116.0 





We desired a reagent which would give blood sugar values simi- 
lar to those yielded by the Folin-Wu (1919), Shaffer-Somogyi 
(Somogyi, 1926), Hagedorn-Jensen (1923), and other standard 
methods in common use, which indicate average total blood sugar 
of about 100 mg. per cent in normal human blood. From the 
results in Figs. 2 and 3 and in Table IV it appeared that both 
Reagents 1 and 3 met this requirement. Reagents 2 and 4 show 
in Table IV evidence of too high reduction, due to non-glucose 
substances. The curve of Reagent 5 is too slow in approaching 4 
horizontal direction. Reagent 1, with 0.5 per cent of Na,CO;, 
gave in the filtrate-reagent mixture used about the same NaC0; 
concentration that obtains in the Hagedorn-Jensen (1923) fil- 
trate-reagent mixture. It also gave results agreeing with the 
Folin-Wu, and practically completed its reaction with both glucose 
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and blood filtrate in 10 minutes. However, as shown in Table V, 
an occasional tungstic acid blood filtrate (Blood 1, Table V) has 
too much acidity to be neutralized by the low concentration of 
carbonate present in this reagent; in consequence of insufficient 
alkalinity in such a case reduction is incomplete and the sugar is 
found too low. 

Ferricyanide Reagent 3 (Table IV), containing per liter 20 gm. 
each of sodium carbonate and bicarbonate, as is seen from Figs. 
2 and 3 and Table IV, gives in 15 minutes more pressure per mg. 
of sugar than Reagent 1, gives only a slightly higher pressure after 
30 minutes than after 15 minutes heating, and yields blood sugar 
values like those found by the Folin-Wu method. Comparison in 
analyses of normal and hyperglycemic bloods showed that with 
this reagent results agreed consistently with those by the Folin- 
Wu and Shaffer-Somogyi methods, and were unaffected by oxa- 
late and fluoride in such amounts as are used to prevent coagula- 
tion of blood. It was apparent that a reagent heavily buffered 
with Na,CO; and NaHCO; present in a ratio 1:1 by weight, offered 
optimum conditions. 

The amounts of sodium carbonate and bicarbonate in the fer- 
ricyanide reagent were increased to 75 gm. each per liter in order 
to increase the factor of safety in buffer power, and to diminish 
the solubility of air in the solution obtained when the reagent was 
mixed with blood filtrate. The resulting reagent was found to 
give the same results as Reagent 3 in Table IV with respect to the 
amount of ferricyanide reduced per mg. of sugar. 

Potassium carbonate and bicarbonate dissolve more readily 
than the sodium salts. For convenience in preparing solutions 
we therefore substituted 75 gm. each of K,CO; and KHCO; per 
liter for the sodium salts, without altering the results. These 
concentrations of KHCO; and K;CO; were thenceforward used in 
all the ferricyanide reagent solutions; only the ferricyanide was 
varied, in accordance with the amount of glucose encountered in 
each type of analysis. 


Time Curves of Reduction of Ferricyanide by Glucose under Conditions 
of Blood and Urine Analyses. 


In order to determine the rate and extent to which glucose re- 
duces ferricyanide in these different reagents, the latter were heated 














Gas at 05¢ec volume, 25 ‘temp 
at 20¢c. volume 25 ‘temp. 





100 


Mols ferricyanide reduced by mol glucose 


Stillumeters fall in.Ay pressure per mg glucose 


Ey a 57 
Minutes heating 


Fic. 4. Time curves of reduction of the ferricyanide of the different 
reagents by glucose. 

+, ferricyanide reagent for urine. Contains 2.8 gm. K;Fe(CN). per 100 
ec. Diluted to 1.4 gm. by mixture with 1 volume of glucose solution. 

X, ferricyanide reagent with 1.4 gm. K;Fe(CN)«. per 100 cc. Diluted to 
0.7 gm. by mixture with 1 volume of glucose solution. 

@, ferricyanide reagent for macro blood sugar determination. Contains 
0.8 gm. of K;Fe(CN). per 100 ce. Diluted to 0.267 by mixture with 2 
volumes of blood filtrate. 

O, ferricyanide reagent for micro blood sugar determination. Contains 
0.4 gm. of K;Fe(CN). per 100 cc. Diluted to 0.133 by mixture with 2 
volumes of blood filtrate. 

Each reagent solution contained, in addition to the ferricyanide, 7.5 
gm. each of K,CO; and KHCO; per liter. 
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TABLE VI. 
Determination of Nz Pressure Fall per Milligram of Glucose under Conditions 
of Macro Blood Determination. 
Reagent contains per liter 8 gm. of K;Fe(CN)., 75 gm. of KHCO;, 75 gm. 
of K,COs. 


1.5 ec. of reagent + 3.0 cc. of glucose solution heated. 3 cc. of mixture 




















G 
8 for gasometric determination. Gas pressure measured at 0.5 cc. volume. 
8 Glucose | aaite : , Ne pressure 
3 cqncentration | in partion of | gif Qheerved | ol |fallenieutated| fll perme 
§ _——— | for gasometric po— pi. | observation. | for 25°. | #ipesee 
> determination 
Q — — 
AS { 15 min. heating period. 
s mg. per cc. mg. mm. A mm. mm. 
& 0.3 | 0.60 190.3 | 22.0 192.4 321 
x 194.5 | 23.0 | 195.8 326 
4 | | 
= 0.2 | 0.40 130.5 23.0 | 131.4 328 
S 128.0 | 195 | 130.5 | 326 
8 | | | - ; 
= 0.1 0.20 63.6 | 21.7 | 64.3 321 
Q 64.7 | 21.7 65.4 327 
> 64.4 21.3 | 65.2 | 326 
65.4 24.0 | 65.6 328 
65.0 240 | 65.2 326 
64.2 21.5 | 64.9 | 324 
64.0 20.0 65.1 325 
65.8 25.0 | 65.8 329 
64.7 23.0 65.2 | 326 
) 64.2 22.0 64.8 | 324 
64.6 22.0 65.2 | 326 
| | | 
ferent 0.0 | O12 33.2 | 23.0 38.4 | 321 
per 100 Ef 0.0 | O10 | 32.7 25.0 92.7 | 327 
tion. 33.0 | 23.0 33.1 | 331 
uted to { | | 
0.02 0.04 | 13.0 | 22.0 13.1 | 328 
ontains ! | 12.6 | 21.0 2.8 320 
with2 § — — 
ontains 
with 2 


ide, 7.5 
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TABLE Vi—Concluded. 


Glucose | 


G 8 r | | as | N 3 
tlucose Tepresented Nez pressure | Temperature | Ne pressure N2 pressure 








concentration | in portionof | fall ob d | . . fall per mg. 
oe oad tai seq | fallobserved | of | fall calculated 
a apse or po Pi. observation. for 25°. so 
determination. | 
20 min. heating period. 
mg. perce. | mg. mm. "S. mm. —_ 
0.15 0.30 104.9 28.4 349.7 | 346 
104.8 28.4 349.3 346 
| 104.7 | 28.4 | 349.0 345 
| 
0.10 | 0.20 71.5 28.3 | 357 .5 353 
| 70.1 | 28.3 | 350.5 347 
71.2 28.4 356.0 352 
| | 
0.05 | 0.10 | 35.7 | 2281 | 357.0 | 353 
35.6 28.1 356.0 352 
35.1 | 


28 .2 351.0 | 347 





with standard glucose solutions under the conditions described 
above for blood and urine analyses, except that the duration of 
heating was varied. The blood reagents were each mixed with 
2 volumes of 0.015 per cent glucose solution. The two reagents 
containing 2.8 and 1.4 gm. of ferricyanide per 100 cc. were mixed 
with 1 volume of 0.08 per cent and 1 volume of 0.1 per cent glucose 
solutions respectively; the conditions in the latter case were those 
for analysis of urine containing 2 per cent of glucose. 

The results are shown in Fig. 4. They indicate that in all cases 
the reduction has become so nearly completed in 20 minutes that 
the ferricyanide decrease in the 20 to 30 minute interval is at the 
rate per minute of 1 part or less in 500. Consequently variations 
of a minute or two in the prescribed 20 minutes heating period do 
not introduce significant errors. 

The number of mols of ferricyanide reduced by 1 mol of glucose 
increases with the concentration of ferricyanide present, but not in 
proportion to it. A 1000 per cent increase in the ferricyanide 
concentration, exemplified by the difference between the top and 
bottom curves, increases by only about 30 per cent the amount of 
ferricyanide reduced per mol of glucose. 
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Proportionality between Glucose Present and Ferricyanide 
Reduced. 


For a definite time interval of heating, either 15 or 20 minutes, 
the results in Tables VI and VII indicate that, within the range of 
glucose concentrations for which each reagent is designed, the 


TABLE VII. 
Determination of Nz Pressure Fall per Milligram of Glucose under Conditions 
of Urine Analysis. 
Ferricyanide reagent contains per liter 28 gm. of K;Fe(CN)s, 75 gm. of 
KHCOs;, 75 gm. of K2COs. 
2 cc. of reagent and 2 cc. of glucose solution heated 20 minutes. 


























Glucose 
Gl | Tepresented | Ne neet IT, rat | Ns | Ne pressure 
concentration | inPortion of | ‘ali Gbserved | of |fallcalculated| {!! per me. 
of solution. for gasometric | po — pr. observation. | for 25°. | at 25°. 
determination. | | 
mg. ——. mg. mm 2. | mm. mm. 
1.500 2.25 228 .0 | 3.2 228 .6 101.6 
1.500 2.25 228 .0 23.0 230.0 | 102.5 
1.500 2.25 229.5 24.0 230.0 | 102.5 
0.750 1.125 115.2 23.0 115.8 | 103.0 
0.750 125 116.2 23.0 116.9 | 103.8 
0.750 1.125 116.8 24.0 117.3 | 104.2 
0.500 0.750 75.5 23.0 76.0 | 101.4 
0.500 0.750 77.5 24.0 77.8 | 103.6 
0.375 0.562 58.0 23.0 58.4 103.8 
0.375 | 0.562 58.0 | 23.0 58.4 103.8 
0.375 0.562 | 57.6 | 23.5 58.1 103.0 
| | 
0.300 0.450 45.3 | 23.0 45.6 101.5 
0.300 0.450 45.5 | 24.0 46.7 103.6 
380 5cca5<cameswwuneae eh kelbasleteebassens ncased 103.0 





amount of ferricyanide reduced is directly proportional to the 
glucose present: the amount of reduction per mg. of glucose, indi- 
cated by the fall in Nz pressure at 25°, is constant for each ferricy- 
anide reagent. This simple direct proportionality obviates the 
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Fic. 5. Time curves of reduction, by blood filtrate, of ferricyanide rea- 
gent used for macro blood sugar determinations. The curves indicate 
amounts of ferricyanide reduced by ‘“‘total sugar’’ present in 0.2 cc. of 
normal blood before treatment with yeast, and ‘‘unfermentable sugar’ 
present after treatment with washed yeast by the procedure of Somogyi 
(1927). The Nz pressure changes are measured at 25° temperature and 
0.5 ec. volume. 





necessity for factors varying with the amount of sugar present, and 
simplifies analytical calculations.‘ 

* The anhydrous glucose used to determine the factors was purified by 
recrystallization from alcohol. The specific ‘rotation [a]?° was 52.2°. 
Theoretical specific rotation should be 52.6°, so that the glucose was 99.4 
percent pure. Dr. P. A. Levene kindly gave us this anhydrous glucose. 
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Time Curves of Reaction of Ferricyanide with Fermentable and 
Non-Fermentable Reducing Substances of Human Blood. 


The results in Fig. 5 exemplify the relative amounts of ferment- 
able and non-fermentable sugar found in normal human blood by 
our method, and the ratio at which they reduce ferricyanide. The 
determination of total blood sugar was carried out as described 


TABLE VIII. 
Recovery of Glucose Added to Blood. 





Mixture analyzed. | Observed | Calculated Observed 























Blood | § | increase d crease due | increase — 
No. | : | eae | wetted | teat caloulated 
| Blood. ——- glucose (a). | glucose (b). (a) = (b). 
. per 100 . per 100 | mg. per 100 | mg. per 100 
| ce. mg. | ap 4, <= } “aa "an teed ; 
1* | 5 | O 35 CO | 0 | 
1 | 5 | 15.0 335 300 | 300 | 0 
2 | 5 | 0 118 | 
2 5 | 6.0 236 118 120 —2 
3* 5 0 11 0 | 
3 50 50.0 uo | 9 | 100 | =I 
3 50 | («12.5 38 27 23 | +2 
3 50 | 5.0 22 ll 1 | +1 
| 
4 5 | 0 77 0 | 
4 | 50 | 100.0 | 277 200 | 200 | 0 
4 | 20 | 20.0 | 175 98 100 «6| 6-2 
4 | 2 | 100 129 52 | 50 | +2 
4 2 | 5.0 1 | 2 | 2% | -1 


| 








*Fermentable sugar had been removed by spontaneous glycolysis, by 
incubating blood at 38° for 24 hours. 


above for the macro method. The non-fermentable sugar was 
determined by the same procedure, except that the fermentable 
Sugar was removed by treatment of the blood with washed yeast 
according to Somogyi (1927) before the proteins were precipitated. 


Recovery of Glucose Added to Blood. 


Tests were made to see whether glucose added to blood was 
recovered. The results, given in Table VIII, show that all the 
added sugar is recovered. 
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Comparison with the Shaffer-Somogyit and Folin (1926) Blood Sugar 
Methods. 


Comparison of results obtained by the Folin (1926) method, and 
Somogyi’s (1926) modification of the Shaffer-Hartmann copper 
reduction method, with those yielded by the present gasometric 
macro blood sugar method in analyses of 50 bloods, normal and 
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Fic. 6. Comparison of sugar found in blood by Folin copper-colorimetric, 
Shaffer-Somogyi copper-titration, and the gasometric methods. Ordi- 
nates represent mg. of sugar per 100 cc. of blood. Each symbol represents 
average of duplicate determinations. 


pathological, is shown in Fig. 6. 


The gasometric method and Somo- 


gyi’s modification of the Shaffer-Hartmann method agreed, usually 


within a few mg. per 100 ce. 


The Folin (1926) method, which 


was designed to give blood sugar values lower and nearer the true 


glucose content than the Foli 


n-Wu and other previous methods, 


gave values which averaged about 20 mg. lower than the Shaffer- 


Somogyi and gasometric methods, but showed occasional peculiar 
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deviations, five of the 50 Folin values being equal to or higher than 
the values by the other two methods, while some of the Folin sugar 
values were as much as 60 mg. lower. 


Comparison of Micro Gasometric Method with Shaffer-Somogyi and 
Macro Gasometric Methods. 


Results obtained with the micro gasometric method compared 
with those obtained by the Shaffer-Somogyi and macro gasome- 
tric methods are given in Table IX. 


TABLE IX. 
Comparison of Micro Gasometric Method with Macro Gasometric and Shaffer- 
Somogyi Methods for Blood Sugar. 





Mg. sugar per 100 ce. blood. 














Blood No. _ — 
Shaffer-Somogyi. | Macro gasometric. Micro gasometric 
1 114 113 116 
2 194 190 191 
3 242 224 | 230 
4 120 126 114 
5 84 | 92 84 
6 72 80 76 
7 116 lll 112 
8 165 | 162 160 
9 240 239 246 
10 132 126 | 126 
ll 150 136 | 136 
12 136 138 136 
13 162 159 165 
14 159 | 153 151 
15 171 171 | 165 
16 179 | 180 180 
17 | 107 | 103 | 99 
3 | 


97 102 99 





Recovery of Glucose Added to Normal and Albuminous Urines. 


In Table X are given the results of analyses of albuminous urines 
to which known amounts of glucose were added. In one of the 
albuminous urines (Urine 1, Table X) the albumin was removed by 
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Lloyd’s reagent, while the other was prepared for analysis by 
mere dilution. The results show that the added glucose is re- 
covered whether the urinary albumin is removed or not. Both 


TABLE X. 
Recovery of Glucose Added to Urine Containing 0.12 Per Cent Albumin. 
Comparison of Gasometric and Benedict’s Methods. 





| 


| | Increase 











Sugar found. P 
Urine No. | Gees "4 : : to added | a 
| Benedict. | Gasometric. Quanente. | 
per cent per cent per cent per cent per cent 
1 0.00 ? 0.59 
1 1.80 2.30 2.39 1.80 | 0.00 
1 1.35 1.84 1.96 1.37 +0.02 
1 0.90 1.41 1.50 0.91 | +0.01 
2 0.00 ? 0.42 | 
2 1.80 2.15 2.22 1.80 | 0.00 
2 1.35 1.69 1.78 1.36 |} +0.01 
2 0.90 1.28 1.32 | 0.90 | 0.00 














Urine 1 contained 0.50 per cent fermentable sugar. Urine 2 contained 
0.28 per cent fermentable sugar. 


TABLE XI. 
Comparison of Gasometric and Benedict’s Quantitative Methods for 
Sugar in Diabetic Urine. 





| Per cent sugar. 
Diabetic Urine No. 








Benedict. Gasometric. 
1 1.10 | 1.15 
2 1. 1.90 
3 1.92 1.90 
4 0.60 | 0.51 
5 0.80 0.74 
6 0.50 0.50 
| 





these urines were taken from patients with degenerative nephritis, 
in order to obtain albuminous specimens. The high content of 
reducing material before addition of glucose is due to fermentable 
sugar; true glycosurias are frequent in such urines. 
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Comparison of Sugar in Diabetic Urine by Benedict Titration and 
Present Gasometric Methods. 


Comparison of results obtained by the Benedict (1911) and the 
present gasometric urine sugar methods is given in Table XI. 
The two methods agreed within 0.1 per cent. 


SUMMARY. 


A gasometrie method is described for determining reducing 
sugars. The latter are permitted to react with ferricyanide, 
of which an amount proportional to the sugar is reduced to 
ferrocyanide. The decrease in ferricyanide caused by the sugar 
is measured by the decrease in the pressure of Nz gas observed 
when the ferricyanide liberates N. from hydrazine in the Van 
Slyke-Neill manometric apparatus. 

Applications to rapid determination of sugar in blood and 
urine are described. 
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STUDIES OF GAS AND ELECTROLYTE EQUILIBRIA IN 
BLOOD. 






































XIV. THE AMOUNTS OF ALKALI BOUND BY SERUM ALBUMIN 
AND GLOBULIN. 


By DONALD D. VAN SLYKE, A. BAIRD HASTINGS, 
ALMA HILLER, anp JULIUS SENDROY, Jr. 


(From the Hospital of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, July 27, 1928.) 


In this paper data are presented concerning the alkali bound by 
serum albumin and serum globulin at reactions between pH 6.8 
and 7.8 at 38° in solutions of physiologically normal salt content. 
These data have been used to calculate the base bound by the 
total protein of serum, and the amount so calculated has been 
compared with observed values. 

Van Slyke, Wu, and McLean (1) have presented similar data for ' 
the total proteins of horse serum. Such data do not, however, 
apply accurately to normal human serum, in which the albu- 
min: globulin ratio is much higher. Furthermore, in pathological 
human serum, the content of total proteins and likewise the 
albumin: globulin ratio may differ greatly from these values in 
normal serum. In order to estimate accurately the base bound by 
the serum proteins it is necessary to know the base-binding 
capacity of the albumin and of the globulin, and the amount of 
each present. 

Cohn (2) in his thorough review of the physical chemistry of 
proteins has collected titration curves of serum albumin from 
many sources, which show substantial agreement. The titration 
curves of serum globulin show much less agreement, however. 

The interest of previous investigators in the titration curves has 
been to determine the characteristics of the purified protein over a 
wide pH range. Our interest has been in accurate determination 
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of the base bound by the proteins over the narrow pH range of the 
circulating blood plasma and under physiological conditions of 
temperature and salt concentration. 


EXPERIMENTAL. 


Preparation of Serum Globulin and Albumin.—The globulins were 
salted out of serum by means of half saturation with ammonium 
sulfate. After filtration the globulins were redissolved and salted 
out again. This process was repeated four or five times until the 
amount of nitrogen per cc. of filtrate, other than ammonia nitrogen, 
became constant. The globulins were again put into solution and 
dialyzed in collodion bags until the ammonium sulfate was 
removed. The solution was concentrated by suspending the 
collodion bags in the breeze of an electric fan, and was finally 
subjected to pressure dialysis against distilled water which was 
saturated with CO, to bring its reaction near the isoelectric point 
of serum globulin. 

The serum albumin was prepared from the filtrate from the 
globulin by saturation with ammonium sulfate. After filtra- 
tion the albumin was put into solution, the amount of am- 
monia was estimated, and adherent globulins were removed by 
addition of sufficient ammonium sulfate to make a half saturated 
solution. Albumin was again salted out by saturation with 
ammonium sulfate. This process was continued as long as 
globulins were found present. The albumin solution was then 
dialyzed in the same manner as the globulin solution. 

Preparation of Solutions.—To prepare as concentrated solutions 
of the proteins as possible, measured amounts of NaCl and NaOH 
were added directly to the dialyzed albumin solutions or globulin 
suspensions. 


Determination of Base Bound by Proteins. 


A. Titration with CO..—The principle has been used in previous 
papers of this series (3, 4). The protein is dissolved with NaOH, 
and the solution is saturated with an inert gas (hydrogen in the 
present case) containing varying proportions of CO.. The NaOH 
is entirely converted into proteinate, NaP, and bicarbonate, 
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NaHCO;. (The proportions of Na,CO; under our conditions are 
negligible.) Hence the NaP is calculated as 


(1) [NaP] = [NaOH] added — [NaHCO;] 
The NaHCO; is calculated as 
(2) [NaHCO;] = total [CO.] — [H2CO;] 


The concentrations have all been estimated as millimols or 
milli-equivalents per kilo of water in the solutions. 

The total CO, contents of the solutions were determined by 
gasometric analysis (5). 

[H2CO;], representing physically dissolved CO, in mm per kilo 
of water, was calculated from the CO; tension, pco,, at 38°, as 


1000 aco, |, Poo: 
(3) mm [H:CO,;] = om 760 
The value a°, indicating cc. of CO, dissolved per gram of water at 
760 mm. CO, tension, was found, in a preceding paper of this 
series (6), to be reduced by salts, and to be relatively unaffected 
by serum proteins. Our serum protein solutions contained Na 
salts in a total concentration of 136 to 138 milli-equivalents per 
kilo of water; of these salts about 105 milli-equivalents were in the 
form of NaCl. We can estimate the depression of CO, solubility 
caused by the Na salts with negligible error if we assume that the 
depression of a° below a° of pure water is equal to the depression 
caused by the presence of 137 millimols of NaCl per kilo of water. 
From Table VI of Van Slyke, Sendroy, Hastings, and Neill (6) 
this depression is found to be 0.014. The a® value of pure water, 
by the same authors, being 0.547, the a® value of our protein solu- 
tions is estimated as 


(4) a = 0.547 — 0.014 = 0.533 
Hence the [H2CO;] of our protein solutions is calculated as 
(5) mm [H;CO,] per kilo H:O = 0.0315 pgo, 

The saturation of the solutions and the subsequent separation of 


the gas and liquid phases were carried out according to the ‘‘First 
Procedure”’ described in Paper I of this series (7). 
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The CO, content of the gas phase was determined by Y. Hender- 
son’s (8) modification of the Haldane apparatus. From the per- 
centage CO, the CO, tension was calculated by the usual formula 


(per cent CO, in gas) X (barometric pressure — 49.7) 
(6) Poco, ™ 100 





49.7 mm. of mercury being the vapor tension of water at 38°. 

The total CO, content of the liquid phase was determined with 
the manometric blood gas apparatus of Van Slyke and Neill (5), 
with the factors of Van Slyke and Sendroy (9) for calculating the 
results. 

H.O0 content was determined by drying 2 cc. portions of the 
solutions to constant weight at 105°. 

Total nitrogen was determined by Kjeldahl analyses. 

Total base was determined according to Fiske’s (10) principle, by 
transforming the alkali salts into sulfates, and estimating the SO, 
by benzidine titration. The procedure was that described by Van 
Slyke, Hiller, and Berthelsen (11) on p. 671 of their paper. Their 
gasometric method had not been perfected at the time of the 
experiments here reported. 

Electrometric pH was determined at 38° in the Clark-Cullen 
electrode vessel (12). The H:-CO, gas mixture used in the elec- 
trode was the same with which the solution had been equilibrated 
prior to determination of its total CO, content. 

Electrometric pH was calculated, as in previous papers of this 
series (13), by the usual formula for 38°, 


_E-E 
~ 0.06169 





pH 


The value of Ey was determined daily by standardizing the satu- 
rated calomel cell against 0.1 N HCl, which was assumed to have a 
pH of 1.08. All potential measurements were corrected to 760 mm. 
of hydrogen pressure. 
Gasometric pH values, as checks on the electrometric pH deter- 
minations, were calculated by Hasselbalch’s equation, 
[BHCO,] 


7 ‘“ a = 
(7) pH = pK’ + log HCO, 





The value taken for pK’ in these solutions was 6.11. 
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B. Titration with HCl.—The proteins were dissolved in enough 
NaOH to render their solutions distinctly alkaline, and were 
titrated electrometrically with 0.1 N HCl in the titration vessel of 
Hastings (14). An improved form of the vessel, previously 
described (15), was used. 

The base bound by the protein was found by subtracting the 
HCl added from the NaOH originally placed in the solution. In 
the pH range covered by these titrations, all the Na is in the forms 
NaP and NaCl, NaOH being negligible. 


Results. 


The results obtained by titrating two preparations of serum 
albumin with CO, are given in TablesI and II. The results of an 
electrometric titration are given in Table III. The average 
straight line through the points plotted according to these results 
in Fig. 1 is represented by the equation, 


(8) B (Alb.) = 0.78 (Alb. N) (pH — 5.16) 


where B (Alb.) represents milli-equivalents of base bound by 
albumin, and (Alb. N) represents grams of albumin nitrogen. 
Similarly the results with globulin from Tables IV, V, and VI, 
plotted in the lower curve of Fig. 1, are represented by the equation, 


(9) B (Gl.) = 0.48 (Gl. N) (pH — 4.89) 


These simple linear equations are valid only for the limited pH 
range from 6.8 to 7.8 covered by the experiments. There is no 
reason to assume that the curves representing the relationship of 
base bound by albumin or globulin to the pH of their solutions 
should be linear. They happen, over the limited range of physio- 
logical pH, to approximate straight lines with sufficient closeness to 
enable us to represent the results by linear formule with errors no 
greater than those of the experimental measurements. 

The total amount of base bound by both proteins, or protein 
groups, in serum is calculated by the combined equation, 


(10) BP. = 0.78 (Alb. N) (pH — 5.16) + 0.48 (Gl. N) (pH — 4.89) 


which represents the sum of the amounts of base bound by the 
albumin and globulin respectively. 
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The applicability to human serum of this equation, based on data 
obtained from horse proteins, was tested as follows. A sample of mixed 


per Gm. Protein N. 






tty 


ivelents Base Bound 


Ri-equ 
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16 78 


Fic. 1. The points represent experimental results from the tables as 
follows: @, Table I, CO: titration of albumin. 0, Table II, CO: titration 
of albumin. oO, Table III, electrometric titration of albumin. xX, 
Table IV, CO: titration of globulin. +, Table V, electrometric titration 
of globulin. ©, Table VI, electrometric titration of globulin. 

The linear curves indicate the mean values of results from the different 
albumin and globulin preparations, and the estimated values for a mixture 
of 1.6 parts of albumin and 1.0 part of globulin, such as is approximated in 
normal human serum. 


human serum was dialyzed in collodion bags against distilled water satu- 
rated with CO, for 3 months at 0°. It was then made up into a solution 
containing per liter 100 millimols of NaCl and 30 milli-equivalents of NaOH. 
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TABLE I. 
Base Bound by Serum Albumin, Determined by Titration with COs. 


Preparation 1. 
Protein N 7.56 gm. per kilo HO. 
NaCl added = 104.6 mm “ “ 
NaOH “ he a 
Total Na “ ea 4." 











t H.0 = 0.956 gm. per cc. 
aoe | os pH oe 
sae Experi- CO: Total (BP] + 6 ated as 
t HCO - BHCO. BP BP n- - 6.11 + log 
7 ment |tension.| | 31} (Co). |! 3] (bHCOn a eS ee BHO, 
| H:CO; ° 
| 





| 
mm mM per | mM per | mM per |m.-eg. per|m.-eq. per| 
* | kg. H2O | kg. H2O | kg. H2O | kg. H20 | kg. H20 


4 6.65 






















































































1 | 205.8) 6.48 | 28.76 | 22.28 | 31.38} 9.10 
2 | 128.8) 4.06 | 25.40 | 21.34 | 31.38 | 10.04 | 1.327 | 6.83 | 6.83 
+H 3 75.7| 2.38 | 22.46 | 20.08 | 31.38 | 11.30 | 1.494 | 7.04 | 7.04 
is 4 46.4) 1.462 | 20.42 | 18.96 | 31.38 | 12.42 | 1.642 | 7.22 | 7.23 
tH 5 30.6] 0.964 | 18.85 | 17.89 | 31.38 | 13.49 1.784 | 7.37 | 7.38 
HH TABLE II. 
rr Base Bound by Serum Albumin, Determined by Titration with COs. 
ak Preparation 2. 
{ Protein N = 8.93 gm. per kilo H,0. 
as NaCl added = 105.2 mu “ “ “ 
4 NaOH “ = 31.57 “ ““ “ “ 
oF Tee ms...*.. 2 ea7." * * 
z H.O = 0.951 gm. per ce. 
1A.) Lhe 
Experi- CO: Total BP) + . pH jcula as 
ment |rension, | [HsCOs) (Co. [BHCOsl| hCou [BP] | [BP] cloctro-| 6.11 ¢ log 
as [H2COs] * 
ion | ; = * 
a mm. | fo HO | ko- HO | kg- HO | kg. 1x0 | kg. Hx0 | gm. N 
1 |128.7 | 4.05 | 24.56 | 20.51 | 31.57 | 11.06 | 1.238 | 6.81 | 6.81 
nt 2 78.0 | 2.46 | 22.28 | 19.82 | 31.57 | 11.75 | 1.315 | 7.00 | 7.02 
i. 3 | 47.0| 1.48 | 19.41 | 17.93 | 31.57 | 13.64 | 1.526 | 7.19 | 7.19 
in 4 | 31.6 | 0.996 | 17.84) 16.84 | 31.57 | 14.73 | 1.648 | 7.34 | 7.34 
5 24.0 | 0.756 | 17.01 | 16.25 | 31.57 | 15.22 | 1.703 | 7.42 | 7.44 
6 18.5 | 0.583 | 16.15 | 16.57 | 31.57 | 16.00 | 1.790 | 7.52 | 7.56 
i = 
yn 
i. 
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Portions of the solution were equilibrated at 38° with atmospheres con- 
taining varying tensions of CO: and analyzed as in the previous experi- 


TABLE III. 
Base Bound by Serum Albumin, Determined by Electrometric Titration 
with 0.1 w HCl. 
Preparation 1. Protein N = 7.56 gm. per kilo H.0. 
NaCl added = 104.6 mum “ “ “& 





























NaOH “ = 31 .38 “ “cc ce “ 
TotalNa “ =13680 “ “ “ & 
H.O = 0.9563 gm. per ce. 
Bupgpment {HCl} [BP + BCI} [BP] [BP] oe 
m.~eq. perkg. | m.-eq. perkg. | m.-eq. per kg. | m.-eq. pergm. 
H:0 H20 HO N 
1 15.15 31.38 16.23 2.15 7.80 
2 18.50 31.38 12.88 1.70 7.25 
3 22.6 31.38 8.78 1.16 6.37 
4 | 25.8 31.38 5.58 0.74 5.70 
5 29.7 31.38 1.68 0.22 5.20 
TABLE IV. 


Base Bound by Serum Globulin, Determined by Titration with CO>. 
Preparation 1. Protein N = 11.31 gm. per kilo H.O. 
NaCl added = 106.7 mu “ ‘é “ 
NaOH “ = 320 “ “c-s.° « 
Total Na “ 1388.7 “ «& & « 











H.O = 0.939 gm. per ce. 
p 
| | | 
| | | pH cal- 
Experi-| oo, | Total (BP) + pH_ | culated as 
| CC C ‘ 14 stro-|6.11 + 1 
mea" leston|(™COs| (Ea | BICOul LE [BP] | [BP] | electro |i tHOOsr 


| pe 
| [H2CO3] © 


a mM per | mM per | ma per |\m.-eq. per|m.-eq. per|m.-eq. per 
™- | kg. H20 | kg. Hx | kg. H20 | kg. H20 | kg. H20| gm. N 


1 [206.5 | 6.50 | 28, 49 21.99 | 32.00 | 10.01 | 0.885 | 6.66 
2 |132.2 | 4.16 | 25.25 | 21.09 | 32.00 | 10.91 | 0.965 | 6.83 
3 | 80.8 | 2.55 | 22.44 | 19.89 | 32.00 | 12.11 | 1.075 | 7.02 
20.47 | 18.94 | 32.00 | 13.06 | 1.156 | 7.21 
19.16 | 18.22 | 32.00 | 13.78 | 1.219 | 7.38 








1.534 
0.939 


4 | 48.7 
5 | 29.8 
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ments. The values for base calculated by the above formula to be bound 
by the albumin and globulin present at the observed pH points are given 
in the column headed ‘‘BP calculated’’ (Table VII). 
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It is evident from the last column of Table VII, showing the 
ratio of observed to calculated BP values, that the equation has 





TABLE V. 
Base Bound by Serum Globulin, Determined by Electrometric Titration with 
0.1 Nn HCl. 
Protein N = 11.31 gm. per kilo H,0. 

NaCl added = 106.7 mu “ “ “& 

hoe fa ae Oe ee 

Tee Te Os! wR A ee 

H.0 = 0.938 gm. per ce. 
“a [HCl] [BP + BCI] [BP] [BP] pH electro- 








m.-eq. perkg. | m.-eq. perkg. | m.-eq. per kg. | m.-eq. al gm. 
H:0 H:0 HO N 


























1 12.06 32.00 19.94 1.76 9.26 
2 18.45 32.00 13.55 1.20 7.38 
3 19.95 32.00 12.05 1.06 7.02 
4 21.41 32.00 10.59 0.94 6.56 
TABLE VI. 
Base Bound by Serum Globulin, Determined by Electrometric Titration with 
0.1 w HCl. 
Total N= 5.80 gm. per kilo H,0. 
Total NaCl added = 103.7 mu “ “ " 
“cc NaOH “ = 31 .12 sé “ “ “ 
H.0 = 0.9640 gm. per cc. 
Sepypuent [HCl] [BP + BCI) [BP] (BP) a 
m.-eg. perkg. | m.-eq. perkg. | m.-eq. per kg. | m.-eq. al gm. 
HO H:0 H:0 i 
1 21.60 31.12 9.52 1.64 8.74 
2 23.84 31.12 7.28 1.25 7.55 
3 24.47 31.12 6.65 1.15 7.31 
4 24.85 31.12 6.27 1.08 7.18 
5 25.70 31.12 5.42 0.935 6.94 
6 26.22 31.12 4.90 0.844 6.73 
7 27.55 31.12 3.57 0.615 6.40 




















indicated about 106 per cent of the base actually observed in 
combination with the proteins. Whether the 6 per cent difference 
indicates an actual species difference between the proteins of horse 
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and man, or whether the difference is due to summated experi- 
mental error, we cannot state. In view of the possibilities of error 
from traces of electrolytes adherent to the dialyzed proteins, and 
from uncertainty concerning the accuracy with which the Howe 
technique in the serum separates and determines the exact amounts 
of pure albumin and globulin present, we are inclined to believe 
that the difference may be due to such errors, and to use the 
formula for human serum as well as horse serum until titration 
curves on purified human proteins can be obtained. 
































TABLE VII, 
Base Bound by Human Serum Proteins, Determined by Titration with COs. 
Total protein N = 5.06 gm. per kilo H,0. 

a: -« tae) |= UF 

Geamma“« 334° * *« * 

NaCl added = 104.3 mm “ “ & 

ae! ee Um lUm aL 

Total Na “ = 136.0m.-eq.‘6 “ “ 

H.O = 0.958 gm. per ce. 
° = S - 
. PI = Sg 32. 35 2 
s/2/—./8 | = | & | wrrtouna (3296| 23] 3e 
e183 ) = 5 + gone | $a —|& 
els /@2]/2/E 18 nal) a2] aie 
a | oO an ak | a 2 = 
| | m.-eq. | m.-eqg. | m.-eq. m.-eq. 
emis . to. HO a-ha -. >: be | perp | aot 

1 /131 6) 4.14 | 29.85) 25.71) 31.36) 5.65 | 1.12 | 6.90 | 6.01 | 0.94 
2 | 79.9] 2.52 | 27.71) 25.19) 31.36) 6.17 | 1.2: 7.11 | 6.66 | 0.93 
3 | 54.8) 1.726) 26.32| 24.69) 31.36) 6.67 | 1.32 | 7.27 | 7.21 | 0.93 
4 | 30.0) 0.946 24.76 23.81 31.36) 7.55 | 1.4 7.51 | 7.97 | 0.95 








' 





In normal human serum the ratio of albumin to globulin averages 
about 1.6 (16). With this ratio a combination of the two formule 
gives, as the relation between total protein nitrogen and base 
bound by protein, what might be termed an average normal 
formula as follows: 


(11) BP, = 0.66 X grams N X (pH, — 5.08) 
or 
(12) BP, = 0.104 X grams protein X (pH, — 5.08) 
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In normal horse serum we have found an albumin: globulin 
ratio of 0.8. As calculated by Equation 10 such a mixture binds 
per gram of nitrogen only 93 per cent as much alkali at pH 7.4 
as does the albumin-globulin mixture usually approximated in 
normal human serum. 

Albumin: globulin ratios even lower than 0.8 are encountered in 
human serum in some pathological conditions, notably nephrosis. 
In such sera the use of Equation 11 for normal serum might lead to 
as much as 10 per cent error in estimating the base bound by the 
total protein. For more accurate estimates of the BP, in such 
cases it is necessary to determine the albumin and globulin con- 
tents and estimate BP, by Equation 10. 

For estimating the base bound by the total proteins of horse and 
human serum respectively two equations have been published in 
previous papers of this series (1, 17). Both yield considerably 
lower results than those which our present data indicate to be 
correct. The formula for horse serum previously published (1) 
indicated at pH 7.4 only 76 per cent as much base bound per gram 
of protein as is represented in Equation 10, for an albumin: glob- 
ulin ratio of 0.8. The previously published formula for human 
serum (17) indicated at pH 7.4 85 per cent as much base as accords 
with present data for an albumin:globulin ratio of 1.6. It is 
probable that in the experiments on which the former equations 
were based dialysis was not pushed quite far enough to remove the 
last traces of preexisting base from the protein preparations used. 


SUMMARY. 


The relationship between pH and amount of alkali bound by the 
proteins has been determined for purified albumin and globulin of 
horse serum over the range of pH between 6.8 and 7.8. 

Within these limits the relationships at 38° are expressed by the 
empirical linear equations: 


M.-eq. base bound per gram albumin N = 0.78 (pH — 5.16). 
” i ” “« globulin “ = 0.48 (pH — 4.89). 


The base bound by the proteins of human serum agreed, within 
6 per cent, with the amounts calculated from the albumin and 
globulin contents, on the assumption that these proteins in human 
serum have the same alkali titration curves as in horse serum. 
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STUDIES OF GAS AND ELECTROLYTE EQUILIBRIA IN 
BLOOD. 


XV. LINE CHARTS FOR GRAPHIC CALCULATIONS BY THE HEN- 
DERSON-HASSELBALCH EQUATION, AND FOR CALCULATING 
PLASMA CARBON DIOXIDE CONTENT FROM 
WHOLE BLOOD CONTENT. 


By DONALD D. VAN SLYKE anv JULIUS SENDROY, Jr. 


(From the Hospital of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, August 14, 1928.) 
1. Graphic Calculations by the Henderson-Hasselbalch Equation. 


The Henderson equation 








_ 1, [HxCOs] 
(1) [H+] = K [BHCO,] 
in the logarithmic form 
oe [BHCO] 
(2) pH = pK’ + log Go, 


in which Hasselbalch (1917) used it, has found much application in 
the calculation of pH, from known CO, content and CO, tension of 
blood, or of CO, tension from known pH, and CO, content. For 
these purposes [H,CO;] in millimols per liter is calculated from 
the CO, tension, p, and the solubility coefficient, a, as 0.0591 a 
p; [BHCO;] is estimated by subtracting this [H.CO;] from the 
total CO, content, [CO.]. The equation thence takes the form 
given in the third formula in Table IV of Paper I of this series 
(Austin, et al., 1922); viz. 


[CO.] — 0.0591 a p 
0.0591 a p 





(3) pH = pK’ + log 
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For calculation of CO, tension the equation takes the form of the 
fifth formula in the table mentioned above. 
[CO] 


(4) = pK’ — pH 


0.0591 @ (10 1) 


The labor and chance of error involved in making the computa- 
tions by means of Equations 3 and 4, and other equations derived 
from Henderson’s, can be avoided by application of graphic 
methods for the solution of equations with three variables. Of 
such methods that of the d’Ocagne nomogram or line chart, intro- 
duced into physiology by Henderson (Henderson, Bock, Field, and 
Stoddard, 1924), appears the most suitable. In Fig. 1 such a line 
chart is given. A straight line drawn through given points on any 
two of the scales cuts the other scales at points indicating the 
values that would be calculated by the above equations. One 
can thus calculate any one of the variables represented from any 
two others. Twelve different calculations are thus possible. Two 
of them, the calculation of pH, and CO, tension from [COs], and 
{[BHCO;], are not practicable, because of the relatively large 
error caused in the value calculated by slight errors in [CO,], or 
{[BHCO;],. The other ten calculations are, however, all practi- 
cally applicable. The ones most used in the past literature are the 








following six: 


pH.,, from pand [CO,],, or from p and [BHCO3],; 

p, from pH, and [CO,],, or from pH, and [BHCO3],; 
{BHCO;},, from [COz], and pH,, or from [CO], and p. 

(The subscript s is used to indicate serum or plasma values.) 


For the calculations involving only p, pH,, and [BHCOs3], Fig. 1 is 
theoretically exact. For calculations in which |CO,], is involved 
the accuracy of the chart is approximate, but the degree of approxi- 
mation is so close, for the range of values found in either normal or 
pathological blood, that the error of calculation is well within 
that of the experimental determinations involved. 

The precision of the graphic, as well as the algebraic, application 
of the Henderson-Hasselbalch equation depends upon the accuracy 
of the constants, a and pK’. The value of the solubility coefficient, 
a, for serum has recently been ascertained by direct determination 
(Van Slyke, Sendroy, Hastings, and Neill, 1928) and found to be 
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0.510. The value of pK’, as the result of recent determinations 
in several laboratories, summarized in a preceding paper (Hastings, 
Sendroy, and Van Slyke, 1928), has been found to be 6.10, probably 
with an error not exceeding + 0.01. The scales of Fig. 1 have 
been computed with these constants. For normal serum, and for 
plasma from blood with not over 0.2 per cent of potassium oxalate 
added, pK’ and a appear to be constant within the limits of 
experimental determination. Even in pathological serum and 
plasma the variations are seldom sufficient to affect significantly 
results calculated by Equations 3 and 4 or by the line chart in 
Fig. 1. 

Use of Fig. 1 for Estimating CO, Tension in Whole Blood.—When 
CO, content, hemoglobin content or cell volume, and pH, of whole 
blood are known, the CO, content of the serum or plasma can be 
estimated with the help of Fig.3. The values for serum CO, and 
pH are then applied to Fig. 1. The possible error is increased from 
about 1 mm. to about 3 mm. of CO, tension when plasma CO, 
values thus estimated from whole blood are used in place of those 
directly determined by plasma analysis. 

It is possible to determine the pH of plasma in the whole blood 
by the electrometric methods, which, as shown by Parsons (1917) 
indicate plasma pH even when applied to whole blood. Hawkins 
(1923) has adapted Cullen’s (1922) colorimetric method also to use 
with micro portions of whole blood. 

The preliminary use of Fig. 3 in this case has the same effect 
as adding a correction to the pK’ value of serum (Warburg, 
1922; Van Slyke, Wu, and McLean, 1923) in order to make Hassel- 
balch’s equation applicable to whole blood with its lower CO, 
content. 

Construction of Fig. 1—The [BHCO3], pH, and [H.COs3] scales 
of Fig. 1 are constructed on the same principle as the familiar 
slide-rule, with which multiplication is performed by graphic 
addition of logarithms. 


The equation 
zy =2 
can be written 
log z + log y = log z. 


For illustration we draw the line chart shown in Fig. 2, with values of x and 
y between 1 and 10 at logarithmic intervals on the two outer lines. On the 
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inner z line, midway between the others we draw a logarithmic scale with 
intervals half as long as those of the outer scales, so that the inner line, in 
the same distance covered by a single logarithmic scale for numbers from 
1 to 10 on each outer line, contains two similar scales, covering a total in- 
terval of values for numbers from 1 to 100. 

We draw the line abc across the scales. It cuts the inner z scale at a 
height half as great above the 1 point as the height at which it cuts the y 
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scale at c. But since the logarithmic scales on the z line are only half as 
long as on the y scale, the same value for z as for y is indicated. Since the 
value on the z scale is 1, the line abc indicates the equation, zy = z, when 
z is 1, and z therefore is equal to y. 

If now we raise the cross line to the position a’b’c, we raise its intersection 
on the z line half as much as on the zline. But the raise covers the same 
portion of a logarithmic scale on both lines, since the z scales are half as long 
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as the zscales. We have therefore, while increasing log z from the value at 
a to that at a’, increased log z by the same amount. Hence z has been in- 
creased in direct proportion toz. Andin general it is apparent that witha 
line chart constructed in this manner, any line cutting the scales indicates 
at the intersections z, y, and z values according with the equation, zy = z. 

To make the chart hold for the equation, ry = kz, it is necessary only to 
change the level of the z scale so that a line connecting the points for z and y 
values of 1 cuts the z scale at k instead of 1. 


3 
For the equation _- z, the y scale is inverted so that it reads 10, 9, 8, 


etc., from the bottom upwards instead of from the top downwards: then 
the effect of an increase in log y is to cause an equal decrease in log z. 


2 
The equation 7 k z is the form of the Henderson equation, which may 


be written ea = , X [H*]. The line chart is therefore theoretically 
exact for Equations 1 and 2. 

Equations 3 and 4, in which the total CO, content instead of the bicar- 
bonate is related to the CO, tension and the pH, cannot be cast into a form 
theoretically capable of exact solution by a logarithmic line chart. How- 
ever, the scale of [CO,] values on Fig. 1 was empirically located in such 
a manner that for values of pH., [CO:2], and p within the range found in 
normal or pathological human blood, this scale can be used without signifi- 
cant error. Points on the [CO:] scale of Fig. 1 at brief intervals were 
located by calculating for each [CO.] value three pairs of [BHCOs;] and 
[H:CO;] values. For this purpose three CO, tensions were taken, repre- 
senting as nearly as could be judged from available data the extremes and 
mean that would be likely to accompany the given CO: value in human 
blood. The corresponding [BHCOs;] values were then calculated by the 
formula, [BHCO;] = [CO.] — [H:COs], the [H:CO;] values being read from 
the inner side of the right hand scale of Fig. 1. Three lines were drawn 
across the chart, each intersecting the [BHCO;] and [H:COs] scales at the 
calculated points. If a theoretically exact scale for [CO.] values were 
capable of location, these three lines would intersect upon it at a common 
point. In fact they do not. However, their intersections were so close 
together, that when the calculated [CO.] point was located in the center of 
each triangle, of which the three intersections formed the vertices, the scale 
obtained by connecting [CO] points so located was sufficiently exact. In 
this manner the curved [CO,] scale at the left of Fig. 1 was plotted. pH. 
values estimated by means of this [CO2] scale and the pco, scale are within 
0.005 of the pH, values calculated algebraically by Equation 3. 


2. Graphic Estimation of CO. Content of Blood Serum or Plasma 
from CO, Content of Whole Blood. 


Since the CO, or BHCO; in a unit volume of blood cells may be 
but little more than half that in a unit volume of plasma from the 
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same blood, the CO, content of the whole blood is to a marked 
degree dependent upon the proportion of cells present. For this 
reason the CO, and bicarbonate contents of whole blood are less 
accurate indicators of the acid-base balance of the organism than 
values determined in serum or plasma. The bicarbonate content 
of anemic blood will be high even when the bicarbonate concentra- 
tion in both cells and serum is that of average normal blood, and 
vice versa for polycythemic blood. In order to exclude the variable 
effect of cell content, it is therefore desirable to make determina- 
tions of bicarbonate or CO, content on plasma or serum when the 
values are to be used to estimate the state of the acid-base balance. 

However, it is not always practicable to centrifuge a sample of 
blood and bring the plasma to analysis, with the maintenance 
throughout of precautions to prevent loss of CO. In such cases 
it is desirable to be able to determine the CO, content in the whole 
blood, and estimate thence the content of the plasma. 

Peters, Bulger, and Eisenman (1923-24) have published a 
formula and chart for such an estimation, but they are limited in 
application to oxygenated blood with known CO, tension. 

The results of Van Slyke, Wu, and McLean (1923) indicate 
that definite relationships exist between the CO, contents of cells 
and serum, depending chiefly upon the pH, and the degree of 
oxygenation of the hemoglobin. It accordingly seemed possible 
to ascertain factors for calculating plasma and serum CO, from 
whole blood CO, which would be valid under all variations of 
reaction and oxygenation that can exist in the circulating blood. 
The theoretical equations expressing these relationships are too 
complicated for practical routine application. It has, however, 
proved possible to express the relationships with satisfactory 
precision in a line chart, which provides a simple means for graphic 
estimation of the CO, content of serum or plasma from that of 
whole blood, of any hemoglobin or cell volume content, at any 
degree of oxygenation, and at any pH, within the range of normal 
or pathological blood. This chart is given in Fig. 3. 

Use of Fig. 3 to Determine Plasma CO, from Whole Blood CO..— 
A straight line drawn from any pH, point to the scale with cell 
volume and oxygen capacity values intersects the slanting f scale 
at a point indicating the factor, f, by which the CO, content of 
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Fig. 3. Line chart for estimating factor f, by which whole blood CO; is multi- 
plied to obtain plasma or serum CO;. 
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oxygenated whole blood must be multiplied in order to ascertain 
the plasma or serum content. 

If the hemoglobin in the blood is completely reduced, the inter- 
sected value of A f, indicated by the scale on the right side of the 
slanting line, is subtracted from the value of f for oxygenated 
blood. 

If, as in venous blood, the hemoglobin is partially reduced, the 


value subtracted from f is 


r cent O, unsaturation 
afx® 3 





It is essential to know either the oxygen capacity or the cell 
volume content of the blood in order to make any estimate of the 
value of f. The latter depends chiefly on the cell content, of which 
the oxygen capacity serves as a measure. The pH, and oxygena- 
tion exert less pronounced effects on f, and frequently one may use 
for them assumed values in place of analytically determined 
figures. 

Use of Fig. 3 with Assumed Values for pH, and Oxygen Unsatura- 
tion.—The value of f is not affected much by changes in pH, within 
the range + 0.1 pH. If the blood is drawn from a subject without 
acidosis or alkalosis, one can assume a pH, of 7.40 without causing 
an error, from this source, of over 0.3 volume per cent in the plasma 
CO, calculated. 

As is seen from Table I, the change from complete oxygenation 
to complete reduction of blood lowers the value of f by approxi- 
mately 4 per cent. Venous blood is usually 40 to 60 per cent 
reduced. If one assumes that it is 50 per cent reduced the value 
of f estimated can have a maximum error of 2 per cent, sufficient 
to cause an error of about 1 volume per cent in the plasma CO, 
estimated in a normal subject. Actually, however, with venous 
blood drawn under ordinary conditions from the arm, the unsatura- 
tion will seldom vary outside the range 25 to 75 per cent; with such 
blood one can assume 50 per cent unsaturation without involving 
an error of more than 0.5 volume per cent in the plasma CO, 
calculated. 

In arterial blood, except from cyanotic subjects, oxygen un- 
saturation may be assumed to be 5 per cent. 








790 Line Charts for Blood pH and CO, 


Construction of Fig. 3—The following symbols and expressions are used: 
[CO2]s, [CO2]-, and [CO2], represent the CO, contents per unit volume in 
whole blood, cells, and serum respectively. 


f = ratio aa Hence f is the desired factor by which whole blood 
[CO], is multiplied to find serum [CO,].. 

d = distribution ratio, [CO2]. : [COs]. 

V, and V, represent the proportions by volume of serum and cells re- 
spectively in the whole blood. V, =1— V.-. 


We have, either obviously or by definition, the following three equations: 





(5) [CO2], = Vs [CO2], + Ve [CO2]- 
(6) [CO]. = d [COz]}» 
[COs]. 
7 = —— 
m f [COs], 
Combining these three equations we obtain 
1 
fo ————— 
(8) Ve + av. 
9 : Sia 
(9) Pp ae 
Ve 
To these equations we add 
(10) V. = 2.15 X (volume per cent O2 capacity) 


in which the constant, 2.15, is the average of the ratio, cell volume : O2 
capacity, from the data of Peters, Bulger, and Eisenman (1923-24). Equa- 
tion 10 is only an approximation, and ignores the variations which the above 
ratio undergoes with changing oxygenation and pH,. It has, however, 
been useful. 

From Equation 9 it is evident that if one knows the value of d one can 
calculate the value of f for all possible variations of V. and Vs. 

We have therefore proceeded to ascertain the values of d under varying 
conditions of oxygenation and pH, from analyses of human whole blood. 
Analyses of the necessary type and accuracy are available in papers by 
Peters, Bulger, and Eisenman (1923-24), Bock, Field, and Adair (1924), Dill 
et al. (1927), Hastings, Neill, Morgan, and Binger (1924), and in a number of 
unpublished analyses in our laboratory. Values of [CO.]. determined 
by direct analysis of separated human cells are as yet few, but the 
above sources furnish examples in which [COs:],, [CO:],, and oxygen 
capacity were determined. From these values we can estimate f by Equa- 
tion 7, V. (approximately) by Equation 10, and thence d by Equation 9. 
The curves representing the mean values of d thus found, at varying pH, in 
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oxygenated and reduced blood, are given in Fig.4. These served as mother 
curves for the diagram in Fig. 3. 

In calculating the d values for Fig. 4 by means of Equation 9, we have 
deliberately used, not the V. by hematocrit, but the V. values indirectly 
estimated by Equation 10 from oxygen capacities. This procedure has the 
advantage that it relates the family of f curves represented in the line chart 
of Fig. 3 directly to experimentally determined oxygen capacity values, and 


Qn 





CO, per unit vol. in serum 


d 
G6 & &£ & & B B 





== CO; per unit vol. in cells 


“4 8615 1% w= 


Fia. 4. 


makes Fig. 3 applicable with maximum precision with oxygen capacity or 
hemoglobin content values. As a rule, oxygen capacities are more readily 
obtained with precision than V. values by hematocrit. Fig. 3 was accord- 
ingly designed primarily for use with the oxygen capacity scale on its right, 
although it has proved fairly exact when used with the cell volume scale 
also. 

From the d values of Fig. 4, Fig. 3 was constructed as follows: For each 
of a series of f values for oxygenated blood, three pairs of d and V, values 
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were calculated by Equation 9. The three V. values for each f were 
arbitrarily chosen at maximum distances apart, and the d values were 
calculated by Equation9. For the d values so calculated the corresponding 
pH, values were ascertained by interpolation on the curves of Fig. 4. On 
Fig. 3, where the V. and pH, scales were already laid off, three lines were 
drawn connecting each pair of V. and pH, points calculated. Their inter- 
sections fell near together, and were located almost exactly on the slanting 
line of Fig. 3 which bears the f scale. The pH, and V, points for a series of 
f values in reduced blood were similarly determined. The differences be- 
tween these values for f and those obtained for f in oxygenated blood are 
expressed on the scale as A f, which is subtracted from the f for oxygenated 
blood to obtain f for reduced blood with the same pH, and V-. 


Comparison with the results of CO, determinations on whole 
blood and plasma in the literature, and in our own records, indi- 
cates that with Fig. 3 the plasma CO, can be estimated from whole 
blood CO, with an error rarely exceeding 2 volumes per cent, and 
in the majority of cases under 1 volume per cent. The following 
tables contain a sufficient number of data to indicate the degree of 
accuracy with which one may expect to calculate plasma CO, from 
whole blood CO, by means of Fig. 3. 


NOTES ON DATA IN TABLES. 


Table I.—The data on the blood of A. V. B. are from Table IX, Bock, 
Field, and Adair (1924). All the values for the oxygenated blood of A. V. B. 
are given in which simultaneous determinations of CO, tension, oxygen 
capacity, and blood and plasma CO; contents are recorded in the original. 
For the reduced bloods no oxygen capacities are recorded in the original 
paper. The value 18.85 is midway between extreme values 18.2 and 19.5 
recorded on other samples of A. V. B.’s bloods. The oxygen unsaturation 
in the almost completely reduced bloods is estimated by means of the 
oxygen dissociation curve of A. V. B.’s blood, from the oxygen tensions 
recorded in the original. 

The data on the blood of C. V. C. are obtained by graphic interpolation 
on the curves of Fig. 2 of Dill, van Caulaert, Hurxthal, Stoddard, Bock, and 
Henderson (1927). For the interpolation pH, lines calculated by Equation 
3 were drawn, radiating from the origin (e.g. see Fig. 1 of Van Slyke, 1921). 
These lines cut the true serum [CO,] curves at points indicating the CO, 
tension. The simultaneous whole blood [CO.] values were obtained by 
reading the whole blood (CO,.] curves at these CO, tensions. 

The data on the blood of J. 8S. and V.-S. are from original observations. 
The bloods before analysis were equilibrated at 38° with air-++ CO. or N2+ 
CO; in order to obtain the maximum effects of oxygenation and reduction 
on f. The analyses were done in duplicate with especial attention to pre- 
cision. Samples of 3 cc. were used, and a Van Slyke-Neill (1924) apparatus 
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— TABLE I. 
were Effects of Oxygenation, Reduction, and pH, on f in Human Blood Equilibrated 
ding with Known Gas Mizture. 
On Data on A.V.B. and C.V.C. from literature. Original data on J..S and 
were V.-S. (see text). 
ater- es. 5 a s 3 
iting Ex. L 8 o 2d 
es of 3 Se 8 3 3 & e het 
s be- Blood donor. |4 3 2 F . . - : ©}. 2. ° 
1 are 3 38 3 ¢/28/] 2831466 an e- 
ated 2038| § 5 |1o4 8 ele sg | ss 
ao S S 3} a — Ld ig _ 
vol. per | per | vol. per | vol. per 
hole cent cent cent cent 
ndi- A. V. B., oxa- | 7.20 | 19.5 0 | 75.1 | 64.2 | 1.169 | 1.175|+0.006 
hole lated blood. | 7.20 | 19.5 0 | 75.0 | 63.5 | 1.182 | 1.175|—0.007 
and From Bock, | 7.22 | 19.5 0 | 73.7 | 62.7 1.175 | 1.177|+0.002 
- Field, Adair | 7.22 | 19.5 0 | 73.5 | 62.4 | 1.178 | 1.177|—0.001 
— (1924). 7.55 | 19.5 | 0) 49.5 | 39.5 | 1.255 | 1.237|—-0.018 
e of 7.55 | 19.5 0 | 48.7 | 39.7 | 1.227 | 1.237/+0.010 
“om | 
7.24 |(18.85)| 98 | 78.3 | 68.9 | 1.136 1.138] +0.002 
7.24 |(18.85)| 98 | 77.2 | 68.5 | 1.127 | 1.138/4+0.011 
7.28 |(18.85)| 98 | 74.4 | 65.3 | 1.140 | 1.144|+0.004 
7.58 |(18.85)| 94| 54.5 | 46.4 | 1.175 1.188)+0.013 
ock, 7.60 |(18.85)} 97 | 52.6 | 44.9 | 1.172 | 1.189|+0.017 
rB. 7.61 |(18.85)| 97 | 51.9 | 44.4 | 1.169 | 1.191|+0.022 
—- C. V. C., defi- | 7.20 | 20.0 | 0| 76.0 | 64.5 | 1.178 | 1.180|—0.002 
—. brinated | 7.20 | 20.0 | 100 | 82.8 | 72.2 | 1.147 | 1.144|—0.003 
pal blood. From | | 
19.5 — 
ae Dill, van 7.30 | 20.0 0 | 68.0 | 57.0 1.192 1.194)/—0.002 
Caulert, et 7.30 | 20.0 | 100 | 75.5 | 65.6 1.150 | 1.155/+0.005 
the 
ies al., (1927). | 
7.40 | 20.0 0 | 61.0 | 50.8 | 1.200 | 1.212|+0.012 
—_ 7.40 | 20.0 | 100 | 68.8 | 59.2 | 1.162 | 1.168|+0.006 
= 7.50 | 20.0 0 | 54.0 | 44.2 | 1.222 | 1.235|+0.013 
1). 7.50 | 20.0 | 100 | 62.0 | 52.3 | 1.185 | 1.186/+0.001 
CO: 7 pun all 
1 by 7.60 | 20.0 0 | 48.0 | 38.0 | 1.262 | 1.258|—0.004 
. 7.60 | 20.0 | 100 | 54.0 | 45.0 | 1.200 | 1.202/+0.002 
ons. J... defi- 7.36 | 22.2 | 0| 59.72 | 47.95 | 1.245 | 1.233|-0.012 
at brinated. 7.39 | 22.2 | 89 | 65.25 | 54.36 | 1.201 | 1.191/—0.010 
tion | | 
pre- V.-S. oxalated. | 7.33 | 17.8 0 | 57.50 | 48.86 | 1.177 | 1 174, —0.003 
atus | 7.34 17.8 | 96 | 64.80 | 56.83 | 1.140 | 1.140|+-0.000 
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was employed with a chamber calibrated at 1.0, 4.0, and 100.0 cc., instead 
of the usual 0.5, 2.0, and 50 cc. The CO, and O, contents of the whole 
blood were determined in the same 3 cc. samples; the CO. pressures were 
read at 4.0 cc. volume, the O2 pressures at 1.0 cc. The “‘oxygen unsatura- 
tion’’ values are calculated from the oxygen contents thus determined. 

Table II.—These results are from venous blood, analyzed in this labo- 
ratory as drawn, in the usual Van Slyke-Neill apparatus. 2 cc. samples 
were used for oxygen content and oxygen capacity, 1 cc. for CO. content. 
The bloods were centrifugated with precautions described in Paper I of this 
series (Austin et al., 1922) to prevent loss of CO2, and the plasma CO, was 
determined in 1 cc. samples. 


TABLE II. 
Comparison of Observed and Calculated f Values in Normal Venous Human 
Blood, Analyzed As Drawn (Ozalated). 
Original data. 
































pHs 
cotori- | 0, O: | [COslp | [COsl ICOnp {from ont 
Blood donor. metric. capacity. masse me in whole Coup Caleu- a 
electro- ; ” 2 ieee: ted. f found. 
metric. 
vol. per vol. per | vol. per 
cent per cont cent cent 
A. B. H. | 7.41 e| 19.5 58 | 68.8 | 58.3 1.180 | 1.182 |+0.002 
J.N 7.40 el 18.4 63 | 74.4 | 63.5 1.171 | 1.168 |—0.003 
R. B 7.37 ¢| 17.6 53 | 69.7 | 61.7 1.129 | 1.158 |+0.029 
C.B 7.47 ¢| 17.6 10 | 67.3 | 56.2 1.196 | 1.188 |—0.008 
C.L 7.43 e| 19.8 28 | 63.4 | 52.6 1.205 | 1.204 |—0.001 
T.S 7.41 ¢| 16.5 62 | 62.1 | 53.0 | 1.171 | 1.150 |—0.021 
J.8 | 7.41 ¢| 20.2 46 | 74.2 | 61.4 1.208 1.196 |—0.012 





Table IIJ.—From Hastings, Neill, Morgan, and Binger (1924). The 
technique was that described for Table IT. 

Table IV.—The data are partly original, partly from Peters, Bulger, and 
Eisenman’s (1923-24) values on oxygenated blood equilibrated with air 
containing CO, at 40 mm. pressure. Of their determinations, which total 
over 100, only the first twenty are reproduced: these illustrate the variations 
sufficiently. The pH, values given here for this group of bloods are 0.03 
greater than those tabulated in the original paper: the change is to corre- 
spond with the higher pK’ value published by Hastings, Sendroy, and Van 
Slyke (1928), which is the basis of calculation in the present paper. 


The results in Table IV show that, although Fig. 3 was designed 
primarily for estimations of f based on oxygen capacities, the cell 
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volume scale can be used instead of the O, capacity scale without 
serious increase in the error of the estimation. 

The data on horse blood also show that the f values for it do not 
differ greatly from those for human blood. 

The calculated values of f from the data of Peters, Bulger, and 
Eisenman show from the observed values considerably greater 
mean and maximum deviations than those in any of the other 
groups of analysis tabulated in this paper. The deviations are 
about the same, whether the calculated f values are from Peters’ 
chart or from ours. The greater variability of these bloods is 


TABLE III. 
Comparison of Observed and Calculated f Values in Arterial Blood from 
Pneumonia Patients, Analyzed As Drawn (Ozalated). 
Data of Hastings, Neill, Morgan, and Binger (1924). 























f= | x 
Noin| PHs |, | Os | tOslpin| (CO | (COnlp | Figs. |'fealeu 
“paper. | metre, | ie plasma. | ",tood.” | (COsl6 a Tar | Jas 

| Found. 

| ar per cent 29 af ow 
18 | 7.44 | 14 1 | 5 58.0 | 51.6 | 1.123] 1.142 | +0.021 
19 | 7.43 | 16.4 | 30 | e.7 | 28 | 1168 1.17 | +0.003 
20 | 7.42 |21.3 | 8.4 | 59.0 | 48.1 | 1.226] 1.231 | +0.005 
a1 | 7.48 | 19.2 | 9.8 | 62.0 | 51.4 | 1.206/ 1.216| +0.010 
25 | 7.47 | 18.4 | 3.8 | 52.4 | 43.6 | 1.201| 1.201 | +0.000 
29 | 7.51 | 16.5 | 16.3 | 55.1 | 45.7 | 1.205] 1.181 | —0.024 





presumably due to the fact that they are from a miscellaneous 
group of hospital patients, many of whom were obviously in very 
pathological condition. Probably these data present differences 
between estimated and observed f values as great as one is likely to 
encounter. The maximum difference of 0.05 in f would involve an 
error of about 2.5 volumes per cent in plasma CO, estimated from 
whole blood CO, by multiplication with the f value from Fig. 3. 
In the majority of blood analyses presented in the accompanying 
tables the difference between observed and calculated f is not over 
0.02, and the corresponding error in estimating plasma or serum 
CO, from whole blood CO, is not over 1 volume per cent. 
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SUMMARY. 


In Fig. 1 is presented a line chart of the d’Ocagne-Henderson 
type for use in graphic calculations by the Henderson-Hasselbalch 
equation. The values of the constants, a co, and pK’, for human 


serum, arrived at in recent papers of this series, are applied. Of 


the twelve calculations that can be made on Fig. 1 by combining 
three at a time the four variables, [CO,],, [BHCOs],, pH,, and CO, 
tension, ten calculations are sufficiently exact to be of practical 
use. 

In Fig. 3 is presented a line chart for graphic estimation of the 
CO, content of plasma or serum from the CO, content observed in 
whole blood of any hemoglobin or cell content, pH,, and degree of 
oxygenation. 


BIBLIOGRAPHY. 


Austin, J. H., Cullen, G. E., Hastings, A. B., McLean, F. C., Peters, J. P., 
and Van Slyke, D. D., J. Biol. Chem., 1922, liv, 121. 

Bock, A. V., Field, H., Jr., and Adair, G.S., J. Biol. Chem., 1924, lix, 353. 

Cullen, G. E., J. Biol. Chem., 1922, lii, 521. 

Dill, D. B., van Caulaert, C., Hurxthal, L. M., Stoddard, J. L., Bock, A. V., 
and Henderson, L. J., J. Biol. Chem., 1927, |xxiii, 251. 

Hasselbalch, K. A., Biochem. Z., 1917, Ixxviii, 112. 

Hastings, A. B., Neill, J. M., Morgan, H. J., and Binger, C. A. L., J. Clin. 
Inv., 1924, 1, 25. 

Hastings, A. B., Sendroy, J., Jr., and Van Slyke, D. D., J. Biol. Chem., 
1928, Ixxix, 183. 

Hawkins, J. A., J. Biol. Chem., 1923, |vii, 493. 

Henderson, L. J., Bock, A. V., Field, H., Jr., and Stoddard, J. L., J. Biol. 
Chem., 1924, lix, 379. 

Parsons, T. R., J. Physiol., 1917, li, 440. 

Peters, J. P., Bulger, H. A., and Eisenman, A. J., J. Biol. Chem., 1923-24, 
lviii, 773. 

Van Slyke, D. D., J. Biol. Chem., 1921, xviii, 153. 

Van Slyke, D. D., and Neill, J. M., J. Biol. Chem., 1924, |xi, 523. 

Van Slyke, D. D., Sendroy, J., Jr., Hastings, A. B., and Neill, J. M., J. Biol. 
Chem., 1928, |xxviii, 765. 

Van Slyke, D. D., Wu, H., and McLean, F. C., J. Biol. Chem., 1923, lvi, 765. 

Warburg, E. J., Biochem. J., 1922, xvi, 153. 





XUM 


son 
leh 
1an 

Of 
ing 
102 
cal 


the 
in 


of 


ol. 


24, 


ol. 


55. 





THE BEHAVIOR OF CASEIN IN PARTIAL SOLUTION IN 
CALCIUM HYDROXIDE. 


By VLADIMIR PERTZOFF. 


(From the Department of Physical Chemistry, Laboratories of Physiology, 
Harvard Medical School, Boston.) 


(Received for publication, August 9, 1928.) 


INTRODUCTION. 


The combination of casein with calcium hydroxide has been 
studied by a number of investigators (1). The majority analyzed 
the compound of this protein and Ca(OH), for the inorganic ele- 
ment; the results thus obtained were rather inconsistent. The 
cause of this inconsistency may become apparent through our 
experiments. 


Van Slyke and Bosworth (2) in their classical study of casein found that 
2.25 X 10-* equivalents of Ca(OH), are just sufficient to hold 1 gm. of 
casein in solution. This value was found to be twice the corresponding 
value for monovalent base. 

Schryver (3) equilibrated casein with lime water and upon separating the 
undissolved part found that ‘‘the solvent capacity of NaOH approximates 
to that of an equimolar (not equinormal) solution of Ca(OH),.’’ Schryver 
applied the criteria of solubility to the study of the denaturation of casein. 
According to this investigator there exist at least two modifications of 
casein: One which he named ‘‘metacaseinogen,’’ is produced from casein 
by heat and by long standing with acetic acid at a concentration of 
1:10,000; the other, paracasein, is produced by rennin or pepsin. Meta- 
caseinogen may be converted back to casein, while paracasein cannot. 
Both of these derivatives do not differ from casein in their N:P ratio. 

Kondo (4), and Linderstrgm-Lang and Kodama (5) carried out an 
extensive investigation upon the solubility of casein in hydrochloric acid 
Although these authors were using a different solvent from us, their con- 
clusions are of such importance to the chemistry of casein that we shall 
dwell upon them in some detail. 

Kondo (4) dissolved casein (prepared by the method of Hammersten) in 
varied amounts of HCl. ‘‘Measurements of the solubility of casein in 
HC] revealed the peculiar fact that the solubility decreases with the same 
concentration of HCl to begin with-—as the quantity of precipitate in 
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contact with the solution is increased.’’ Linderstr@m-Lang and Kodama 
(5) carried these measurements further upon carefully purified casein 
preparations, which were freed from fats by ether, but were not treated by 
alcohol. The investigation of the solubility of casein in HCl was carried 
out in the presence of varied amounts of NaCl, in such a manner that the 
concentration of Cl, in any given set of experiments, was constant. 

The evidence brought about by the study of the different fractions of the 
preparation of casein, led these authors to the following conclusions: 
“‘There can hardly be any doubt that casein, as liberated at the isoelectric 
point, is a mixture of two or more components united in the precipitate by 
the forces assumed by Sgrensen. On treating the precipitate with HCl it 
is very difficult to separate the components one from another, but some- 
thing can be extracted after long subjection to the process, chiefly the more 
easily soluble portions. . . . The chemical differences of the component 
groups may be characterized partly by their different behavior in regard to 
colloidal precipitation with calcium salt, partly by the proportion between 
phosphorus and nitrogen, as previously utilized by Sérensen for characteri- 
zation of the globulins.”’ 

Gortner (6) criticized the conclusion of Linderstrom-Lang and Kodama 
in regard to their belief that casein is a mixture. He pointed out that the 
casein used by these investigators was not purified by alcohol: there 
remained an alcohol-soluble protein identified by Osborne and Wakeman 
(7). The chemical difference attributed to casein by Linderstr@m-Lang 
and Kodama, according to Gortner, may be due to the presence of this 
foreign protein. 

Greenberg and Schmidt (8) studied the transport numbers of the com- 
pound of casein with the alkali earth elements. They found that: ‘“The 
values for the transport numbers of casein in solutions of the alkali earth 
elements are abnormally high as compared with the values which were 
obtained for casein in solutions of the alkali metals. The abnormal values 
are probably due to the fact that part of the alkali earth element is bound 
by the casein ion in a non-ionic form, producing a complex which carries a 
certain amount of the element in a direction opposite to that of the cation.”’ 
This phenomenon was found to be similar in some respects, to absorption. 


It is difficult to derive any clear notion about the behavior of 
casein in the problems dwelt upon in this section. As far as we 
can see, we may conclude that: (a) Casein kept at the isoelectric 
point does not retain its solubility toward Ca(OH), indefinitely 
Schryver). This was confirmed by Linderstrg@m-Lang and Ko- 
dama (5) in regard to HCl. According to Schryver (3) this change 
in solubility does not necessarily involve a change in the N:P 
ratio. (b) From (a) we may conclude that in some cases the change 
in the solubility of casein does not depend upon its elementary 
composition. The two properties of casein may vary independ- 
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ently. (c) The solubility of casein in a given amount of HCl 
is a function of the amount of protein in the system. The criti- 
cism advanced by Gortner may not apply to this case, since a casein 
preparation (Kondo (4)) prepared by the method of Hammersten 
(which involves a purification with alcohol) displayed the same 
peculiar property as the preparation which was not treated by 
alcohol. (d) However, the criticism advanced by Gortner holds 
true concerning the composition of casein as gathered by chemical 
analysis. 
EXPERIMENTAL. 


Preparation of Casein. 


Casein was obtained from cow’s milk, two methods of prepara- 
tion being used. 

First Method.—Commercial certified milk was used as a source 
of the protein. The casein was precipitated by HCl, washed at the 
isoelectric point with distilled water, and redissolved with NaOH 
until the reaction was pH 6.5. Then the casein solution was passed 
through a Sharples centrifuge and paper pulp filter, precipitated 
with HCl, and again washed at the isoelectric point. This opera- 
tion was repeated once or twice. The casein was then kept at 5° 
under toluene. These procedures have already been described in 
detail (9). Casein Preparations XXII, XXV, and XXVII were 
prepared by this method. 

Second Method.—To 4 liters of skimmed milk from a single cow, 
delivered at the laboratory within 2 hours of milking, 30 gm. of 
sodium oxalate were added. The milk was stirred for 4 hour and 
then left undisturbed overnight at 5°. In the morning the milk 
was syphoned off from the precipitate of the insoluble calcium salts 
and passed through a Sharples centrifuge. The casein was then 
precipitated and purified as by the first method. Casein Prepara- 
tion X XIX was prepared by this method. 

As far as the solubility of these preparations is concerned, 
they all behaved very much alike (Fig. 1). ‘The variation between 
individual preparations as regards their solubility in Ca(OH), is 
not much greater than the one observed in the solubility of this 
protein in NaOH (10). The properties of casein do not depend 
upon whether the casein was precipitated from the milk of one cow 
or the mixture of many. ‘The two methods yielded similar casein 
preparations. 
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Measurements of Solubility. 


The technique used has been already described elsewhere (9). 
It consisted in bringing into intimate contact a suspension of 
isoelectric casein of known concentration with Ca(OH). solutions. 
After equilibrium conditions were established the undissolved 
casein was filtered off through a No. 42 Whatman filter paper, and 
the amount of protein dissolved was determined by analysis for nitro- 
gen, by the Kjeldahl method. These analyses were made in tripli- 
cate. Toluene was used as an antiseptic. 

The equilibrium conditions were brought about by the continuous 
shaking of the flasks containing casein and Ca(OH). in an efficient 
TABLE I. 

Test for Equilibrium Conditions. 
Experiment 6, Casein Preparation XXV. 
Amount of Ca(OH), added, 16.05 X 10~° equivalents. 
™ “ casein in system, 88 mg. of N. 
Temperature 25.0 + 0.2°. 





Solubility. Mg. N dissolved per 





Period of shaking 100 gm. He. 
hrs 
6 22.2 
12 22.4 
24 (24.4) 
36 22.3 


shaking machine. The rate of shaking may be described as being 
sufficient to prevent any casein particles from settling on the 
bottom of the flasks. A test for equilibrium conditions is given in 
Table I. 

Table I indicates that a continuous shaking for 6 hours is suffici- 
ent to bring about a state of rest. As a precaution, however, we 
shook our suspensions never less than 40 hours. 

For the study of their solubility in Ca(OH), casein preparations 
cannot be used indefinitely; from 3 to 4 weeks after their final 
purification they become less soluble. In this we confirm the ob- 
servations of Schryver (3) upon the properties of casein. 


Determination of Amount of Base Present in Solution. 


Besides knowing how much casein has been dissolved, it is ex- 
tremely interesting to know how much of the originally added base 
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is present in solution. For the determination of the base re- 
covered from the solution, we used a method very similar to that 
































TABLE Il. 
Solubility and Amount of Base in Solution in Systems Composed of Casein 
and Ca(OH). 
Temperature 25 + 0.5°. 
, ; _— Amount of base 
as “Oe pomppation xi Ca(OH): Mg. N dissolved Equivalents x 
— No. added. per 100 gm. H:0.| 10-5 per 100 gm. 
H:0. 
Total amount of casein = 44 mg. N in 100 gm. H.0. 
69 XXIX 1.81 3.00 1.72 
13 XXVI- 2.00 2.5 
68 XXIX 3.62 4.60 2.50 
2 XXV 4.01 5.3 
13 XXVI 4.01 4.7 
69 XXIX 5.43 8.00 4.25 
68 " 7.24 11.65 5.60 
8 XXV 8.03 16.2 
13 XXVI 8.03 14.9 
69 XXIX 9.05 18.15 7.75 
68 . 10.9 34.5 
69 - 10.9 36.6 
2 XXV 12.04 34.9 
13 XXVI 12.04 30.8 
11 XXII 13.4 36.8 
Total amount of casein = 88 mg. N in 100 gm. H.0. 
69 XXIX 3.62 4.50 1.95 
8 XXV 4.01 2.9 
13 XXVI 4.01 3.1 
68 XXIX 7.24 7.40 3.25 
69 “ 10.9 13.45 6.30 
13 XXVI 12.0 15.5 
68 XXIX 14.5 20.35 9.50 
8 XXV 16.05 25.0 
69 | XXIX 18.15 31.1 14.10 
13 XXVI 20.05 45.4 














described by Linderstrgm-Lang and Kodama (5). Aliquot parts 
of the solution of casein, left from the solubility measurements, were 
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diluted with twice their volume of distilled water. The solutions 
were then titrated with 0.01 and 0.001 n HCl to a standard con- 
taining casein suspension at pH 4.7. Methyl red was used as the 
indicator. 

This method yielded reproducible results except when large 
amounts of casein were dissolved. Under these circumstances, 













n 
ow 





iJ 
°o 





wo 





Solubilily : Mg. of N dissolved per 100 Gm. of H.0 
S 





x | 
uf | | 
| | 

















7 6 5 10 il 12 {5 14 is 


i 2 3 4 5 6 
Fquivalent x 10 of Base per 100 gm. of 1,0 


Fic. 2. The amount of Ca(OH), bound by casein in solution. 


apparently, there was a time factor. We have therefore omitted 
from our tables determinations of base in solution in systems con- 
taining large amounts of casein. 

The results of our determinations of the solubility and amounts 
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of base present in solution, in suspensions containing casein and 
Ca(OH)s, are given in Table II. 


DISCUSSION. 


From inspection of Fig. 1 the following seems to be apparent: 
Equal amounts of Ca(OH), added, do not carry equal amounts of 
casein into solution throughout the solubility range; 7.e., first casein 
dissolves at a slower rate, then a small increase in the Ca(OH), 
added carries considerable amounts of casein into solution. Outside 
these considerations the solubility of casein depends upon the 
amount of casein in the system. This phenomenon is very similar 
to the one described by Kondo (4) and Linderstrém-Lang and 
Kodama (5) in their study of the solubility of casein in HCl. 

The relationship between the amount of base in solution and the 
amount-of casein in the same solution (Fig. 2), is surprisingly simple. 
Throughout the range investigated, an equal increase in the amount 
of casein dissolved is associated with an equal increase in the 
amount of base recovered from the same solution. 1 X 10° 
equivalents of Ca(OH). is bound to 2.25 mg. of casein N. 

Throughout this paper, we will use the following symbols: 
(1) S for the amount of casein dissolved. S is expressed in mg. 
of casein N per 100 gm. of water. (2) P for the fraction of casein 
left. undissolved; 7.e., the solid phase. P is similarly expressed as 
mg. of casein N per 100 gm. of water. (3) C for the total amount 
of casein in the system equal to S + P. Its numerical value is 
expressed as in (1) and (2). (4) Ca(OH)eg for the equivalents of 
Ca(OH). recovered from the solution, multiplied by 10°, in order 
to avoid the continuous use of the proportionality constant between 
the mg. of N and the equivalents of base added. Ca(OH)es 
is similarly expressed per 100 gm. of H.O. (5) Ca(OH)2p for 
Ca(OH), in precipitate, expressed as in (4). (6) Ca(OH), equals 
Ca(OH)e, + Ca(OH)ep. This is the amount of the base that 
was added to the system. 

S, C, Ca(OH)2s, and Ca(OH). were measured directly. P 
and Ca(OH)2p may be calculated with the help of the following 
equations: 


P=#wC-S8 (1) 


Ca(OH),p = Ca(OH), — Ca(OH):s (2) 
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These suppositions do not involve any assumptions except 
that there was no considerable change in the redistribution 
of water between the solution of casein and the precipitate, as 
compared with the same system to which no Ca(OH): was added. 

The description of the system casein-Ca(OH)2 which we gave 
at the beginning of this section, may be summarized in the follow- 
ing way: The solubility is intimately related to the amount of 
casein forming the solid phase. This observation leads us to the 
supposition that the variables involved in the system of casein and 
Ca(OH): may be interrelated by assuming that the amount of 
casein in solution corresponds to two solubilities or two modes of 
combination of casein with Ca(OH),: one which increases with 
the amount of casein in solution, and the other which increases 
proportionally to the amount of casein in the solid phase. This 
supposition may be described al the following veer 


S = K, Ca(OH). 5 ~ + Kz Ca(OH): c (3) 


where P = C —S and K, and Kgare the proportionality constants 
describing the rate at which the two combinations take place in 
S 


terms of equation (3). ra + s = 1. When practically all of the 


casein is in solution the K:Ca(OH): 7, r becomes vanishingly small. 
Conversely, when little solution * casein has taken place, the 
solubility is practically dependent upon the term K,Ca(OH),: - 
and is nearly independent of the amount of casein in the system 


‘ ‘ Ss 
since the ratio n approaches unity. Furthermore Ca(OH), 7 


+ Ca(OH). A = Ca(OH),; the fractions - and ne therefore 


govern the distribution of Ca(OH). between the two modes of 
combination assumed to take place. 

In the form (Equation 3) the equation can hardly be of use, 
since it contains both sides of the term S. Solving for S we 
obtain 
¥ Ke 
ene wee YS - 


Ca(OH), = 
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With the help of this equation and K, = 3.40, K. = 0.850, the 
values of S were calculated. They are reproduced in Fig. 1 
(dash line). They seem, on the whole, to agree with the values 
obtained experimentally.! 
TABLE III. 
Significance of Constants Used. 





Value Value 


mg. N gm. 
Con- 1 0-8 oot Physicochemical significance, as Obtained by: 


stant. equiva- | equiva- previously identified. 
lents of | lent of 
base. base. 





K, | 3.40 2180 | Equivalent combining weight} Cohn and Hendry 
from solubility measure- (10). Greenberg 
ments, electrochemical) and Schmidt (11). 
equivalent of casein with| Long (12).Robert- 
monovalent base, and from| son (13, 14). Car- 
‘‘formol titration.’’ penter (15). 


Kz | 0.850 545 | Maximum base-combining| Cohn and Berggren 
capacity of all acid groups} (16). Robertson 
of casein with monovalent (17). 

base. 


Kz | 2.25 1440 | Equivalent combining weight} Pertzoff (18). 
of paracasein from solu- 
bility measurements with 
NaOH. 

















Outside this relation we have one describing the interdependence 
of the casein in solution and the amount of Ca(OH), bound by it. 
The equation as we have already mentioned is 


S = K; Ca(OH).s (5) 


with the proportionality constant Ks; = 2.25. This follows di- 
rectly from the straight line relationship of Fig. 2 and holds true, 


1 The calculated values should be corrected for the origins of the solu- 
bility lines. In the case of the solubility of casein in NaOH at 25° the line 
originates at 1.3 mg. of N per 100 cc. of H.O (10). Although such a correc- 
tion may improve our calculated values, we have anticipated its use, 
believing in our case its value cannot be determined without certain 
assumptions. 
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as far as we have carried out our investigations, until about one- 
third of the casein has dissolved. 

The whole interest of this solution lies in the fact that the 
constants used are not empirical in their nature, but may be iden- 
tified with the physicochemical constants already derived for 
casein. K, = 3.40. If we convert this value into gm. of casein 
per 1 equivalent of base (using the nitrogen factor 6.41), we ob- 
tain 2180 gm. Similarly K, yields 545 gm. and K;, 1440 gm. In 
Table III are compiled the results of this calculation as well as 
the physicochemical nature of the constants thus derived. 

Constant K, is equal to the rate at which casein dissolves with 
monovalent base. - is proportional to all the acid groups avail- 
able in the casein molecule. The ratio of casein in solution to the 
amount of base in the same solution is equal to the solubility of a 
derivative of casein, paracasein, in NaOH. 

These conclusions seem significant: the very fact that by the 
use of our equation we fell upon constants describing well known 
properties of casein, is itself the best justification for the existence 
of this relation. 


Solubility of Casein in NaOH at 5°. 


Could the properties of casein observed in the system composed 
of this protein and Ca(OH), be identified in any other system con- 
taining this protein and a base? We are fortunate in being able 
to answer in the affirmative. The solubility of casein in NaOH 
at 5° may be characterized as due to the same cause which governs 
the solubility of this protein in Ca(OH). 

The solubility of casein in NaOH at 25° was extensively studied 
by Cohn and Hendry (10). The same system at 5° was studied 
by us in regard to the solubility of casein in small amounts of 


NaOH (14). In terms of the equation S= K,Ca(OH), ; + 


K:Ca(OH). I we deal with a limiting case where S is almost 


solely determined by the term K,Ca(OH): 5 and since little solu- 


bility has taken place the ratio A is nearly equal to unity. In 


other words, the solubility is independent of the amount of casein 
in the system, which was confirmed by our experiments. 
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However, when larger amounts of NaOH were added to casein, 
the situation became like the one described for the system casein- 
Ca(OH)... This necessitated the use of casein suspensions of con- 
stant concentration and the results of such measurements made 
upon a system composed of 100 mg. of casein N in 100 gm. of 
H,0, is given in Table IV and is graphically reproduced in Fig. 
3 together with the solubility of casein in small amounts of NaOH, 
borrowed from our previous experiments (14). The values of 


TABLE IV. 
Solubility of Casein in NaOH at 5°. 
Casein Preparation XXVII. 
Total amount of casein, 100 mg. of N in 100 gm. of H,0. 


Solubility. Mg. N 





| 


Mols NaOH xX 10-5 





Experiment No. Time for equilibrium. abied. per 100 gm. H:0. 
hrs. 
52 18 8.00 17.25 
47 17 10.00 23.9 
51 21 10.00 21.1 
47 17 15.00 39.7 
51 21 15.00 39.9 
51 21 20.00 53.2 
42 42 20 .00 51.8 
47 17 25.00 76.5 
51 21 25.00 75.6 
47 17 30.00 95.9 
42 42 30.00 95.7 














Table IV were obtained by following the procedure described in 
an early section of this paper. 
With the help of the equation: 
Kx 
1 Ki = Ke 


NaOH #£C 





S = 


(assigning the values K, = 3.40 and K, = 2.00) we calculated the 
solid line of Fig. 3. It agrees well with the experimental points 
and undoubtedly describes the phenomenon in question. 

Is it possible to identify the physicochemical nature of the 
constants used? K, = 3.40. In terms of gm. of casein per 1 
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methylene blue and other 
dyes effect (BARRON and 
Harrop) 65 

Methylene blue effect on 
glycolysis (BARRON and 
Harrop) 65 

— — — — lactic acid for- 
mation (BARRON and 
Harrop) 65 

Ethylene: 

Cell permeability, action 
(Norp and FRANKE) 

— protector (Norp and 
FRANKE) 27 

Excretion: 

Boric acid, man, time (KaH- 
LENBERG and Barwas- 
SER) 405 


F 


Fatty acid(s): 
Saturated, hemolytic ac- 
tion (BoDANSKY) 


241 

—, lipoid solubility (Bo- 
DANSKY) 241 
—, permeability (Bo- 
DANSKY) 241 


Feces: 
Hydrogen ion concentra- 
tion, rickets (SHoHL and 
Bing) 269 

Feed: 
Iron content (SKINNER and 
PETERSON) 679 
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Feed—continued: 


Manganese content (SKIN- 


NER and PEeTerson) 


679 
Fermentation: 

Alcohol, and hexosephos- 
phates (RaymMonp and 
LEVENE) 621 

G 
Galactose: 

Metabolism (BLANCO) 

667 
Gas: 

Equilibrium, __ electrolyte 
and, in blood. XII 
(Hastincs, SENDROY, 
and VAN SLYKE) 

183 

—,—-—,—pblood. XIII 
(Hastincs, SENpDRoy, 
McIntTosH, and VAN 
SLYKE) 193 

—_—,— —blood. XIV 


(V AN SLYKE, HASTINGS, 
HILier, and SENDROY) 


769 
_-,— —blood. XV 
(V AN SLYKE and Sen- 
DROY) 781 
Gasometric determination: 
Sugars, reducing (VAN 
SLYKE and HawkKINs) 
739 
Gitoxigenin: 
(Jacoss and Gustvus) 
553 
Isogitoxigenin (JacoBs and 
GusTus) 553 
Globulin: 


Blood serum, alkali bound 

by (Van Stryke, Hast- 

INGS, HILLER, and SEN- 

DROY) 769 
Glucose: 

Epinephrine effect on utili- 

zation of absorbed (Corr 

and Cor!) 343 


Index 














Glucoside: 

Digitalis. II (Jacops and 
GusTUvs) 553 

Monoacetone +y-methyl- 
(LEVENE and MryeEr) 

357 
Glutamic acid: 

Proteins, determinations 

(Jones and MOELLER) 
429 
Glycidol acetate: 

(LEVENE and Watt!) 

363 
Glycolysis: 

Erythrocyte, dye, effect 

(Barron and Harrop) 
65 
—, methylene blue effect 
(Barron and Harrop) 
65 
H 
Hematin: 

Electrometric titration 
(Conant, ALLEs, and 
TONGBERG) 89 

Hemin: 

Electrometric titration 
(Conant, ALLEs, and 
TONGBERG) 89 

Hemoglobin: 


Amino acids, basic, horse 
(VickERY and LEAVEN- 


WORTH) 377 
Copper salts effect on out- 
put (ELpEN, Sperry, 


RoOBSCHEIT-ROBBINS, 
and WHIPPLE) 


577 

Hemolysis: 
Fatty acids, saturated (Bo- 
DANSKY) 241 
Inorganic _ acids (Bo- 
DANSKY) 229 


Henderson-Hasselbalch: 
Equation, line charts (VAN 
SLYKE and SENDROY) 
781 











nd 
53 








Henderson-Hasselbalch — con- 
tinued: 

pK’, blood serum, value 
(Hastincs, SENpDROY, 

and Van SLYKE) 
183 

Hexosephosphate: 

Alcoholic fermentation, and 
(RayMonD and LEVENE) 


621 
Hispidus: 
Strophanthin (Jacoss and 
HOFFMANN) 531 
Hormone: 


Ovarian, extraction. II 
(THAYER, JORDAN, and 
Dotsy) 53 

Hydrogen: 

Electrode, hydrogen ion 
concentration determina- 
tion by, and colorimetric 
method, comparison 
(JOHNSTON) 297 

Hydrogen ion: 

Concentration, colorimet- 
ric and hydrogen elec- 
trode determinations, 
comparison (JOHNSTON) 

297 

—, determination by hy- 
drogen electrode and 
colorimetric methods, 
comparison (JOHNSTON) 

297 

—, feces, rickets (SHOHL 

and Brine) 269 


—, hydrogen electrode 
and colorimetric deter- 
minations, comparison 
(JOHNSTON) 297 

Hydroquinone: 

Vitamin A content of stored 
oils, effect (Huston, 
LicutTBopy, and Batt) 

507 
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2-Hydroxycaproic acid: 
Lactic acid, configurational 


relationship (LEVENE 
and HALLER) 475 
Hypoglycemia: 


Dihydroxyacetone, and in- 
sulin (LEVENE' and 
BLANCO) 657 

Insulin, and dihydroxyace- 
tone (LEVENE' and 
BLANCO) 657 


I 


Inorganic acid(s): 

Hemolytic action (Bo- 

DANSKY) 229 
Insulin: 

Carbohydrate metabolism, 
rats in postabsorptive 
state (Cor1 and Cort) 

321 

Hypoglycemia, and dihy- 
droxyacetone (LEVENE 
and BLANco) 657 

Physiological response, rab- 
bit (Sanyun and B1ra- 


THERWICK) 443 
Iodine: 
Cranberries (Morse) 
409 
Iron: 
Feedingstuff content 
(SKINNER and PETER- 
SON) 679 
Isogitoxigenin : 
(Jacoss and Gustus) 
553 
Isostrophanthidin : 
Degradation, series (JACOBS 
and Gustus) 539 
J 
Jack bean: 


Urease, crystalline, varia- 
tions in meal, effect 
(SumneR and HOo..o- 
WAY) 489 
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K 
Kidney: 


Ash, inorganic, severe ane- 
mia (RosscHertT-Ros- 
BINS, ELDEN, SPERRY, 
and WHIPPLE) 

563 


Epithelium, calcification, 
and vitamin A _ defi- 
ciency (vAN LEERSUM) 

461 


L 


Lactic acid: 

Carbohydrate and, sea ur- 
chin eggs (PERLZWEIG 
and BARRON) 19 

Erythrocyte, methylene 
blue and other dyes effect 
on formation (BARRON 
and Harrop) 65 

Formation, erythrocyte, 
methylene blue and other 
dyes effect (BARRON and 
Harrop) 65 

2-Hydroxycaproic acid, 
configurational relation- 
ship (LEVENE and Hat- 
LER) 475 

Methylbutyl carbinol, con- 
figurational relationship 
(LEVENE and HALLER) 


475 
Muscle, contracted, con- 
tent (DAVENPORT, 
DavENPorT, and Ran- 
SON) 499 
Sea urchin eggs, carbohy- 
drate and, in (PERL- 
ZWEIG and Barron ) 
19 
Lactose: 
Metabolism (BLANco) 
667 





Index 








Lead: 

Blood, calcium, precipita- 
tion by (BiscHorr and 
MAXWELL) 5 

Calcium, blood, precipita- 
tion by (BiscHorr and 


MAXWELL) 5 
Line chart: 

Carbon dioxide, blood 
plasma, calculated from 
whole blood content 
(Van SLYKE and SeEn- 
DROY) 781 


Henderson-Hasselbalch 
equation (VAN SLYKE 
and SENDROY) 781 
Lipoid: 
Solubility, saturated fatty 
acids (BoDANSKY) 
241 
Liver: 
Ash, inorganic, severe ane- 


mia (RosscHertT-Ros- 
BINS, ELDEN, SPERRY, 
and WHIPPLE) 

563 


Lyxoside: 
Triacetylmethyl-, hydroly- 
sis rate (LEVENE and 


WoLFrom) 471 
M 
Manganese: 
Feedingstuff content 
(SKINNER and PETER- 
SON) 679 
Mannoside: 


Tetraacetylmethyl-, _hy- 
drolysis rate (LEVENE 
and WoLFRoM) 

471 

Metabolism: 
* Blood cell. IL (Barron 
and Harrop) 65 

Calcium, non-rachitogenic 
diet (SHount, BENNETT, 
and WEED) 257 
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Metabolism—continued; 
Carbohydrate, epinephrine 
effect, fasting rats (CorI 
and Cor!) 309 
—,—w— on rats in post- 
absorptive state (Cori 
and Cort) 321 
—, insulin effect on rats in 
postabsorptive state 

(Cort and Cort) 
321 


Galactose (BLANCO) 


Lactose (BLANCO) 667 

Phosphorus, non-rachito- 
genic diet (SHoHL, BEN- 
NETT, and WEED) 


257 

Sugar (BLANCO) 667 

Xylose (BLANCO) 667 
Methylbutyl carbinol: 

Lactic acid, configurational 

relationship (LEVENE 

and HALLER) 475 


Methylene blue: 
Erythrocyte, glycolysis, ef- 
fect (BARRON and Har- 
ROP) 65 
—, lactic acid formation, 
effect (BARRON and Har- 
ROP) 65 
Glycolysis, erythrocyte, ef- 
fect (BARRON and Har- 
ROP) 65 
Lactic acid formation, 
erythrocyte, effect (BaR- 
RON and Harrop) 
65 
y-Methylglucoside: 
Monoacetone (LEVENE and 
MEYER) 357 


Milk: 
Antineuritic potency, cow 
(Hunt and Krauss) 
733 
Antipellagric potency, cow 
(Hunt and Krauss) 
733 
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Milk—continued: 
Calcium source (KRAMER, 
LaTZKE, and SHaw) 


283 

Phosphorus source 
(KRAMER, LaTZKE, and 
SHaw) 283 


Monoacetone y-methylgluco- 
side: 
(LevENE and MEyEr) 


357 
Monoses: 
Acetyl. V (LEvVENE and 
WoLFrRoM) 471 
Muscle: 


Contracted, lactic acid con- 
tent (DAVENPoRT, Dav- 
ENPORT, and Ranson) 

499 

Contracture, chemical 
studies. I (DAVENPORT, 
DAVENPORT, and Ran- 
SON) 499 

Inorganic phosphate con- 
tent, resting mammalian 
(Sacks and DavVENPORT) 

493 

Lactic acid content, con- 
tracted (DAVENPORT, 
DaveENporT, and Ran- 
SON) 499 

Phosphate, inorganic, con- 
tent, resting mammalian 
(Sacks and DavEeNPoRT) 

493 


O 
Oil: 

— See Cod liver 
oil. 

Vitamin A content, hydro- 
quinone effect (Huston, 
LicgHTBopy, and BALL) 

507 

Optical activity: 
Chemical structure, rela- 
tionship (LEVENE and 
HALLER) 475 








832 


Ovary: 

Hormone, extraction. II 
(THAYER, JORDAN, and 
Dotsy) 53 

Oxidation-reduction: 
Systems, biological signifi- 


cance. I (MICHAELIS 
and FLEXNER) 689 
P 
Pellagra: 

Milk, cow, antipellagric 
potency (Hunt and 
Krauss) 733 

Periplocymarin: 
(Jacoss and HorrMaNnn) 
519 
Periplogenin : 
(Jacoss and HorrMaNnn) 
519 
Permeability : 

Cell, ethylene effect (Norp 
and FRANKE) 27 

Fatty acids, saturated (Bo- 
DANSKY) 241 

Phenol(s): 

Biochemical relations. II 
(Huston, LiGuHTsopy, 
and Bai) 507 

Phosphatase: 

Cozymase, relation (Ray- 

MOND) 637 
Phosphate: 

Colorimetric | determina- 
tion, inorganic, blood 
serum (LEIBOFF) 

611 

Hexose, and alcoholic fer- 
mentation (RayMoND 
and LEVENE) 621 


Inorganic, colorimetric de- 
termination, blood serum 
(LEIBOFF) 611 


—, muscle, resting mam- 
malian, content (Sacks 
and DAVENPORT) 


493 











Index 


Phosphorus: 
Metabolism, non-rachito- 
genic diet (SHoHL, BEn- 
NETT, and WEED) 
257 
Milk as source (KRAMER, 
LaTzKE, and SHaw) 
283 


Pineapple: 
Ash, inorganic, severe ane- 


mia (Rosscuert-Ros- 

BINS, ELDEN, SPERRY, 

and WHIPPLE) 563 
Polymerization: 

Condensation and. IV 
(LEVENE and WALT!) 

363 
Polyneuritis: 

Milk, cow, antineuritic po- 
tency (Hunt and 
Krauss) 733 

Potential: 

Reduction, cysteine 
(MicHAELIs and FLEex- 
NER) 689 

Protein(s): 


Aspartic acid, determina- 
tions (JoNEs and MoEL- 
LER) 429 


Blood serum solutions, cal- 
cium electrical transfer- 
ence (GREENBERG) 

177 

Glutamic acid, determina- 
tions (JonEes and MoE L- 


LER) 429 
Tyrosine content, deter- 

mination (HANKE) 
587 


Pyridine: 
Amino acids, action on (Lz- 
VENE and STEIGER) 
95 
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R 
Reduction: 
Potential, cysteine 
(MicHaELis and FLEex- 
NER) 689 
Rickets: 
VII (SHont, BENNETT, 
and WEED) 257 
IX (SHout and Bina) 
269 
Roentgen: 


Radiation, cystine solution, 
effect (STENSTROM and 
LOHMANN) 673 

—, tyrosine solution, effect 
(StenstTR6M and Loz- 
MANN) 673 


Ss 


Sea urchin: 
Carbohydrate in eggs 
(PeRLzWEIG and Bar- 
RON) 19 
Lactic acid in eggs (PERLzZ- 
WEIG and BARRON) 
19 
a-Sedoheptitol: 
Volemitol, identity (La 
Force and Hupson) 


Strophanthidin: 
Isostrophanthidin _ series, 
degradation (JacosBs and 


Gustus) 539 
Strophanthin: 
XV (Jacops and Horr- 
MANN) 531 
XVI (Jacoss and Gus- 
TUS) 539 
Hispidus (Jacoss and 
HOFFMANN) 531 
Sugar(s) : 
Blood, determination 


(RayMonp and Bianco) 
649 
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Sugar(s)—continued: 
Determination, blood 
(RayMonp and Bianco) 


649 

Gasometric determination, 

reducing (VAN SLYKE 

and HawkKInNs) 739 
Metabolism (BLANCO) 

667 


Reducing, gasometric de- 
termination (VAN SLYKE 
and HawkKINs) 739 

Separation, live yeast 
(RayMonp and BLaANco) 

649 


T 


Tetraacetylmethyl mannoside: 

Hydrolysis rate (LEVENE 
and WoLFRoM) 

471 
Titration curves: 

Egg albumin, coagulated 
and uncoagulated, com- 
parison (HENDRIx and 
Witson) 389 

Triacetylmethyllyxoside : 

Hydrolysis rate (LEVENE 

and WoLFRoM) 


471 

Tyrosine: 
Determination, proteins 
(HANKE) 587 
Proteins, determination 
(HANKE) 587 


Roentgen radiation effect 
(SteNsTROM and Lon- 


MANN) 673 
U 
Urea: 
Determination, micro 
(Luck) 211 


Dixanthydryl urea oxi- 
dation (Luck) 
211 
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Urease: 

Crystalline. III (SumNER 

and Ho.titoway) 489 
Urine: 

Sugars, reducing, gasomet- 
ric determination (VAN 
Styke and Hawkrns) 

739 
Utilization coefficient: 

Bergeim and 
methods, comparison 
(HELLER, BREEDLOVE, 
and LIKELY) 275 


V 


standard 


Vitamin(s) : 
A deficiency and calcifica- 
tion of kidney epithelium 
(vAN LEERSUM) 
461 


—, hydroquinone effect, 
stored oils (Huston, 
LicHTBopy, and Batt) 

507 

—, oils, stored, hydroqui- 
none effect (Huston, 
LicuTBopy, and BALL) 

507 
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Vitamin(s)—continued: 
B, components, concentra- 
tion (LEVENE) 


465 

—, —, separation (Lz- 
VENE) 465 
—, concentration. IV 
(LEVENE) 465 
—, nature, complex. I 
(Hunt) 723 
—, —, third factor (Hunt) 
723 

Volemitol: 

a-Sedoheptitol, identity 


(La Force and Hup- 
SON) 1 


xX 


Xylose: 
Metabolism (BLANCO) 
667 


Y 


Yeast: 

Sugar separation (Ray- 
MOND and BLANco) 

649 











= > 


|| 











Lz 


49 






Accurate 











THE JOURNAL OF BIOLOGICAL CHEMISTRY 


Measurement--- of refractive 


indices and dispersions 


of fluids, solids and plastic bodies can readily be determined 
with the B. &. L. ABBE REFRACTOMETER. Because 
of its simplicity, ease of manipulation and the importance 
of its findings, it is widely used in chemical and physical 
laboratories. 


This instrument measures indices ranging from nD 1.3 
to 1.7. An accuracy of one or two units in the fourth deci- 
mal can be obtained. Charts supplied with each instru- 
ment enable dispersion readings to be taken with the same 
accuracy. The index is read directly on a sector scale the 
intervals of which have been calculated for the constants 
of the glass used in making the ABBE prisms. 


Bausch & Lomb Abbe Refractometer with Heatable Prism, 
Abbe Compensator, table of dispersion and conversion 
ie aes tusde anes atsanie $222.00 


Bausch & Lomb Optical Co. 
St. Paul St., Rochester, N. Y. 
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LEITZ New Colorimeters 


EST’D: 1849 
with perfectly symmetrical light rays, constructed with 


MICROSCOPICAL PRECISION 


Since so many colorimeters of the plunger-type are offered 
by various firms, which are more or less unsatisfactory 
in their optical and mechanical workmanship, the Leitz 
Works have been guided to offer a model which has no equal 
in precision of colorimetric determinations and besides, 
which eliminates certain shortcomings, still found in in- 


struments of other make. ; 
This new colorimeter is offered in three different sizes: 


No. 1591 with cylinders of 100 mm. tength, In case - $132.00 
No. 1591a with cylinders of 50 mm. length, In case - $126.00 @ St 3 
No. 1591 with cylinders of 20 mm. length, In case - $110.00 

Whenever reliable colorimetric determinations are 

required, perference should be given to the new 

Leits Colorimeters for obvious reasons. 
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E. LEITZ, Inc. 
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Pacific Coast States: Spindler & Sauppe, Offices at San 
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Often, the scientific research worker, on account of the demands 
of his work, finds difficulty in keeping abreast of the rapid de- 
velopment in equipment, apparatus, and supplies. He may be 
in need of equipment yet without information as to where it may 
be purchased. 


The Service Department of this journal! is fitted to answer such 
queries. It aims to render prompt and courteous service without 
charge and without obligation. 
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CONCENTRATED 
LIVER EXTRACT 


Newest product of the 


Armour Laboratory 


Concentrated Liver Extract, a new organotherapeutic 
preparation, has been added to the products of the Armour 
Laboratory. Its principal use is in those cases of pernicious 
anemia where the patient is unable to take solid food. 


This preparation is made by the process developed by the late 
Dr. K. K. Koessler and his co-workers, Drs. M. T. Hanke and 
S. Maurer, in the laboratory of the Otho S. A. Sprague Memorial 
Institute at the University of Chicago. 


Successful demonstration of its physiological properties 
upon a limited number of pernicious anemia patients was 
followed by manufacture of the preparation by Armour and 
Company for further experimentation upon a larger scale. 
After six months of clinical trial, with unquestioned success, 
the originators consented to have Concentrated Liver Extract 
placed at the disposal of the medical profession. 


The new product contains in soluble and stable form the 
principles from fresh liver active in blood regeneration. Each 
16-ounce bottle contains, in liquid form, the soluble extrac- 
tives of 8 Ibs. of fresh liver. The average dose is one table- 
spoonful three times a day. It is best administered in milk or 
orange juice. As the condition improves, it may be employed 
as a pleasant alternative in the otherwise monotonous solid 
liver diet. 


Again we earn fairly the reputation for being “Headquarters 
for therapeutic materials of animal origin.” 


ARMOUR &®D COMPANY 
Chicago 
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